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HEAT FROM THE SKY ^ 

One estimate^made by eng/neers and scien- /\^^^ W *h this endorserregtLar:? ethers, Congress 
tiStsisthatpne^fouHhof all the energy used in the ""^^^sec the ERDA BiJJ authortzir^g the establish- 
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United States is consunned in heating buildings, 
Billions of Btirs^rom coal, oil- gas, electricity a"r:e 
, consurrjed every* hfeating season. We are deplet- 
ing iDur-supply of readily useable fuels at an ever- 
increasing rate. Fortunately^ future generations 
will have an energy source which, every \three 
days, equals^^th^j combined energy In all the 
available- coal; oil, and g^is in the woTld. That 
energy source is the sun^ 

This annount of potentially usefJl energy is 
^^staggiring, but logical.' Sincf^ll forms of energy 
originate from 'the sun, the basic source isT, by 
necessity, a reservoir* of almost unimaginable 
size. ^ V ■• • ' . [ ' ■ ^ 

• ^ . A large* quantity of energy is heeded for 
' heating and a la^ge amount of energy is produced 
Ijy the sun. Th^e two facts, couple^with: (l^the 
Jarge quantity of energy n^^ed for heating and 
(2) the 'large amount of ene>gy emitted by "^the 
Sun— 'when coupled with a growing need, to con- 
serve fossil fuejs— make solar house heating a 
.desirable and pronnising area for research towar-d 
easing thf 'demands on the world's resourc^. 

Until a few years ago^there was little, if lany, ' 
Qeneral interest in solar applications to heating 
arid^cooling. Tpday, however, there y^oi^r 
energy research and developmerit acuvities me 
Keating akQd air-conditioning Jndustry. • 

' Solar assisted heating is*not a new idea. 
.Sol9r tieaters were used in the. Army camps of 
Southern Callfprnia during- World War I, and solar 
; water healers ceceiv^ed at iMst some use in some 
'Southern states durino-^yt6^930's. 
r- - But/^pTior to 197^solar energy research ap- 
plied to\this industrwwas essentially privately 
funded. Now, federal ^Onds are being allocated for' 
Solar programs .and4iave had -.an impact on re- 
search and development activities. 
. ,A joint Nation^^Science Foundat on — Natior>6il 
Aeronautical and) Space Administration reptrt 
U^blished in 197;2 is generally crec ^ed with hav- ' 
inghad the most public and polltica. impact on br- 
inging renewed attentionao the potentials of solar 
energy. The report concluded: 5 

Solar energy is received iaJsufficient quanti-** 
ty to make a major contribution to future U.S. 
heat and pow§r needs. ^ * 
There^are no teMinical barriers to wide ap- 
plication solar energy to rfieet U.S.^needs. 
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ej^nergy Research and D|velopnnent 
3rror\. Among o^her things, €RDA 
•^16 old At9mic Energy Commission. On 
9^7, the Departp-^-* of Energy (DOE) 
ne overaTJ^ resr: - oilit^ regarding 

Cor^^ared :o the meaner jnpjj}g that was 
obtained j^y a 'ew solar^nerg.y f>ioneers, there is 
now rei^-vei jsubstanflbl federal money^eaf^ 
marked tor sjiar energy research, developme'nt,' 
and der- _ nst/ation projects 

-FEDEPH^L GOALS , 
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: es^nt overplKgoal of;the federaUpro- 
r leanng and cooll/ig is to stimula/eMn-^ 
a^^'d commercial carabifity (including that 
ij'.s ess) to produ. r ^nd distribute solar 
ara cooltng syste^js'and, throuobwide- 
catfons, reduc^ -he deman^W 
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sent fi.el suoplles. . , * ' ^ 

the ar.e^successfu.. gove|nment efjorts 
3 the private se -or to supporKthe Ih- 
and installatic- of combined solar 
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^ rxisting buildings 
: jd beyond .1970,, 
" new construction 
Id^ng: ^ 

^ har energy s^tems j'n 
of the annualTesidentia! ■ 
^-^c commercial building st§irts affia~^ 
ne installation of reti^oflt systems an- 
-jally on 2,500 residential and 20Cf 
commercial buildings. 
By 1985: Incorporate solar energy systems in 
. at least 10% of. annual residential 
" commercial buii'diag istarts and 

^Ine installation of retrofit ^tems an- 
nually on,25,000 residentiallnd 1,000 
^commercial buildings. 

^ 

Perhaps some useful^ perspective can be 
gained by r^aling a similarity between thd status 
of solar assijpted heating /oc/ay and electric 
heating \\y\he late 1950's. Then, electric Interests 
(generally people outside the traditional heating- 
cooling industry) began to promote and market 
electric heating systemi. Today, there are solar 
interests whb want to market solar systems. Elec- 
tric he^t^in the 50's was unbelievably expensive 
compared ,to gas £ind oil-fj^d central" systems. 
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Like today's s ^la asisted systems, the market 
for^lectric hex-* iSQ appeared (to "ttadjtlpnal" 
* heating men) t: ^^--^ ery little potential. Only cer- 
tatKT.types ot b jiiar us— those with many lights 
and heavy in- -la* 'r,— were considered '"suit- 
able" for elec:r' -^a:. Today, solar systems are 
also said Iq rs- :aDle usu^illy only in special' 
situations. 

It is curr^int agreed 4hat electric he&t ap- 
plf(;ations hay« g^own beyond the expectatjions of 
fifteen years ago when few persons foresaw to- 
day's fuel costs or shortages, " ^ 

In the 1?55-'s, an imf|)6rtant. "marriage" did 
begin, to t§l^e ace. Namesjamilfar to the Heatin§ 

• technicians be^gan manufac\urirfg electric heating 
products— anc the electrii heat interests became 
'part of tbp hesting-coolina industry, Efectrjc^'tieat 
-began to be Tiarketed tlVougb the people who 
know . heating^ and a^r-cohditioning. The' over^ 
zealoi^s ent' ^siasts who say^ electric heat as 
something -^aaical, that did not ha^ f^. rrieet 

j^Jtraditional cc-nrort design criteria^ were squeezed 
Cut. Also, there were numerous front page news- 
papeWbtories about electric heatihg installStions 
misapmied and "ripped-out" by irate hpme- 
ownersA ^ - 

AN IMP *^^<^fv .tSSON? [ ^ 

The ; jn of electric heating, therefoje, 
may serve^as an important history lesson for Both 
splar enthusiasts and tl^ditional heating-oooling 
practitioners. ^ ' ^ , 

^ ^ '^olaffJntel^ests shoyW not try to do'^it alone. 
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Heating technicia/is /enow the heating business. 
Nor should the solar interests believe, as the elec- 
tric interests once did, that there is Sortiething 
magical about th'^ "fuel source" tha't puts solar 
assisted heating above the technologic that has 
evolved since thQ'turn of the oentury. ^ 

A|(6ov^ solar mterests qhofild avoid customer 
oversell.' In an age of consiAnerism, the heating in- 
'dustry does not need the stigma of "scare" head- 
lines regarding energy shortages orpborly design- 
fed solar sysiems: Either may cause the home- 
owners to "tear-out" thousands of doljars wortfK 
of solar equipment because of extreme product 
'^diss^itisfaction. ^ 

And for those of us who are a( part of the 
heating industry,^just as electric heat was not for^ 
everybody 'in '59— and it may st\\\ not be part of 
everyone's business today— solar assisted heat- 
ing and cooling may never be apart of everyone's 
business tomorrow. ^ ( 

But, heating specialists (should not resist 
splar assisted heating and cooling because of 
laSk of technical information. ]_et's^ark'e ^ hon- 
est effort h6 learn what the^ular specialists has to 
offer, and then teach them about comfort condi- 
tioning practices and how fo provide good can- 
5..mer p. oducts. 



James Healy 

Director of Education ^ 
Northartierican Heating and Air-' 
conditioning Wholesalers Assn, 

1 ; . ' 
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SOL,AR HEATING AI^P COOkl Nd 



^ Solar energy is rapidly becoming a logical 
alternative source :9f he^t as the cost and 
unavaila6ilityiof conventional fuels becomes^^ a 
major problenii in •midustrial countries. Getting^ 
- heat from th^ofi [s not a new idea— most people 
h|ve aall experienced getting .^^inburpied on a 
Cloudy dayrmuch tb their sufp/ise^JseHlhe^energy 
is there^Ariftk lechnolb^y^ has brought^ the 
co$t of narrpssing the sifn closer to being 

' ecbnomJcalhA^mpetitive' Add<j^ solar 
heating ana^solarjrooling are very attractive en- 
vironmentally, and the reasons for being involved 

/Jn tbis course are almost fiomplete. This c6|jrse 
will provide* fundamental technical knowledde on 
solar assisted heating. There will be a d^and^for 
techn^cians with an* understanding of the design, 
installation, and servicing responsibilities as^e 
market for 3olar assisted heating develops. The 
question "Why am J here?" is now answered. The 
•next question is "What rs involv^d>". ^ 

PASSIVE SOLAR HEATIUJcTsX^TEM 

.In its simplest terms,, a solar heatint 
cooling system is any system which reduce 
sumption of conventional fuels by utilizi/ 
stin^^energy as a method of heating or ct 
The^s^stenri can be either passive Qr aetlv\ 
til^utilizeipassive solar energy, when openingthe 
curtains on the sunny side of the house during the 
'cold months to let the sun add its warmth. There 
is a minor amount of control over^his system du^ 
^ ing the summer when the curtains are closed to 
. block out the sunn's rays and the unwanted heat- 
radisi^ted within the house. Thus, it is fairly safe to 
state that*a passiyecsolar Energy sy^^m}ias no 
moving partS/ exc^f of cpurse for the opening or 
'closing olf a window shade or curtain, /nd is mam- 
, ly the concern of the build^g ^e^gner ^nd/or the 



ioe arc 



landscafie architect. It is also safe to conclude 
at this^ype of solar energy is onjy incide^^tal to 
this course and[ will be discussed only .'when it 
benefits th"e primary point of this course; the con- 
trojled collection and distribution of-, solar heat. 
% Some exahriples of passive systems are depicted 
^^bplowf 

V Ah ;earlY discussion of designing a passive 
splaf system^whi^ch includes taking advantage of* 
the sun by such means as^indowortentatign and 
rom pveitiang to conserve energy ca*R be found in' 
the University of WlUKn^ Small Homes Cttuncifcir- 
cular^hich was published around 1945. 

Active Solar Heating System. 

' The alternative to a passive ^ysteiu^an ac-' 
tfve system. To ^understand and vistfaliie* vj^hat 
goes' into an active solar heating/solar cooling 
System, the follovy'ing s^phematic illustration 
presented in Figure''l-4.' 






, Fig. South^aclng window. 




( Fiji. 1'-3' Roo' Monitor'"iara'S04ar Collector. DucC*ahd fan 
^rcula^et trapped hot atr^^ck to floor jeVefl 
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Jjt^^i\e {\^\s illustration, shows' ten parts to a* 
total system, only those items'invJhe lllustratiftn 
\j^ich are represented by^-rectangmgir blocks will 
bh discusaecK ih this lesson. The other ,four 
Items— pumps^ blowers/ automatic vhlves.* ana 
damperSr^-are in;iportant;Jk) the systenjv^nd will be , 
dealt witj^ later 1n {his course. 

Ac'ti^ systems currently consist (if the^ 
folll)wjng\si>^^essehtial units, to collect, ^ntroil 
and distribute so^ar l>eat. i * 



Auxiliary 
Hetat Source 



there IS scjfficrient sotar tadia- 
trqn ^ ' ^ . • . 

Used t'9 back^p.'fieaji denaands 
when the'solar7ool}ec]or th'^ernilil 



'orage .system; ts ^-unatJe 



Unit 
t 

Solar 
Collector 

(Big-1) ■ 




l^uncti6n 

Tn^tercepts solsff radiation an'd 
conveHSJ^tQ heat for tran^f^rjo 
a thef^al st<5f&ge unit or to th,e \ 
•heating load. * 



10- 

meet th4.,.*^manjjs: s.ucfi as 
periods of 'high.:heatir:i§/^ooimq 
^ ^yioa<j de^rwands and low ^o\ar 
^ -availability. ' , , 



While it . IS possib+^tc -tJ.esiqn 
' and C(bn3lpuct a', solar ^sy^terr 
• -that could^mee^ tota^l needs, [\^^ 
^generally not * as econor^iic^i 
. (gost v.?. pavings), as aa au.^iliary^ 

assisrted system. * 



Heat - 
Distribution 
Systpm and 
CooJIing V 
Distribution 
• Syajem 



on- the systems r 
solar heating/solar 
could be^ the" 
Of; d rtte rent • 



2. Thermal 



Can be either an air or tiquii^.' 



Storage Unit urtit.. ^| 

(rock storage If more heat is*collected than re- 
shown) quired for space^ heating or 
domestic/ w^te% heatiTrgn'^then.' 
the h^atis '^tor'ed fcfefatter use^t 




^ > njght-or on cLoudy days.- 



* C'aTn be ei^h^er a liquid, rock, 
\pbas,e i^hangd .unit. ' Rock^^ 
storage for- an air unit is shown^^ 
in>igure;2.-Storage units gener- 
ally o^^te Independent of any 
. iPbling or heating Vequiremgst ' 
sinc6 they c|n be collecting and 
storing solar energy whenever 





Solar 
Thermal 
Storage 



Pump/'Blower 



V^e/Darnper 



^i/xiii»ry 
VHeat 
Source 



Irleatfng 
Distnljution 
System 



• Coqllng 
, Unit 

/if 

Coolin9 r 
Ojstftbut'on 
System 



Depen-ding 
seleq|ed for 

tooling. es€> 

systems'. ; v 

Usually a ^;^R\wfu ar:r]. t5ijc! 
distributioh -captbie of utiHivinq 
heat directly^ >rrom either the 
$<?lar collector <o^ thfe th(?fn;iai** 
storage un'iU Jn i s^rnO^ n)U^ 
cases, ^t c^'fr.beia'licfuictiSysterri^- 
•where thf^iquiu i^s piped,cjirectjv 
to the^spaef to b(r^>ea?Vvj;codf- 
"eS^ntl-.^here fan ^cb»l .unitr> -ir*/, 
"use)j t.o heat/cck^^.roorp ai.' 

The methods use^djjor xooti'pg 
'include'absorptTon cooling un.itf^ • 
(lrthi?am-brofYikje\or aminonia , 
watfer with the former the or#'. 
comm^rciaKy available sysl*-j^': 
and even thc^frSt^as/been ^or-iy 
used- .iri x^kper.mt^ntal^ 'installa- 
tions). Rankme cycNe '^apu/ 
compression, and other?!. Alter- 
natively, a hf^at 'pump. might be^ 
utilizea as a. ^onv/entiOf!f^::c)ijl|. 
ing^ liPit (pcvwereci oy-e;ieciri'-.'iy) ^ 
^artd us^d as tne auxu'ciry kjr thv^' 
.solar ^pace heatmq-^/s^em 



r- A desi'raDle feature not mclirfJed abov". /js 
part of the basic hoattna/cooli-ig unit is th'e prm-' 
siork to use solar energy to also h^af ^.omestT hot 



.Codling Uqit 

(absorotion 
unif 



shown ) 



J' 



Automatic Pump/ Blower 
Valve/Damper ^ 

Fig, 1-4. Schematic R^resentation of a Solar Heating and 
Cooling System. " ■ ' . ^ 



. wat^r (DHW). This prehe^teiJ watp; rccju'res 
)added conventional ' energy (e j . gas " 

tricity) to boo'st its temperature to 
'r^nge of ap^oximat^l^ViO ' F {.More 

oit domestic; water heatino^ii! 
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ACTIVE SYSTEM 

^ , Thte section of1he.iesscto |s deigned to pro- 
' vid'^reifter detarfTab'ouf the six major^units of a 

sofarX^ace heating/sojar . cbt)ling ' s^tem.^ ft 
;^d^crrt)es aligrhative^'4<? thymQSt= common com- 

poneo^^choJ.cesJwithih'^eaqh,,part of t+ie SysTem. y 

Solar'CollectorConfigiirdtipns • 

^.Solarcoliectors pan b^oNl/e ^6lldwing-co.rtrv 
figiTratipne: * * ' ^ . ' 

Flat Platen Collectcrfs ^ ; ' 

y Th'e construction of th ^ 
ly. 'available flat plate conecrt0r^Gonsists of an ao- 
sprber plate (usually ^-t>lacW^ rn^tal surface^ 
wtjigh absorb diffuse solar radiatiortf 

al^convert^ titer energy tb lieat The rieat'in tlie " 

-absorber plate is^trarisferred to an appropriate li- 
quid or air stream "which is in contact with the ab- ' 
sorber plate'and delivers the heat to the next part. 

' of ttie system— the Thernhal Storage CJnit. Since 
the absorber* plate tends to lose heat (upward 
through the cover plate, side,, and back) the other 



componenti&-*ol the. collector are .designed to 
reduce the loss-as much aife possible as is seen in 
theX^t two illustratjpn^ ;> ; \ 

^ Thp insutetion b^e^ith the atisorber and the 
* transp^mw^[tn30vers reduces heat loss through* 
, radiation, co^'nduction, and/or convection. Glass 
Jovers do not ofestrudt the solar radiation passing 
irough, but they tio reduce'cofu/ection loss since 
■>y>ajnjibvemenf (i^ncludmg wind)>across the ab- 
Tb^r is afcsent. Also; the air space between the 
s andfte absorber acts, to reduce cortiJuctfon^ 
between -these two^ocriponents. /.^ 

Concmt^ating Coltdcfp|s . ' ^ . . 

/.^Jcbnx^entrating collectors 'galther^irect solar 
ra(||Wion over a 'large ar^^^anrf then focus 
(concentrate) the radiation on>o a srrialler ^ab- 
sorber area. The effect of^this concentrating is to 
increase the fluid temperature delivered from the 
collector. An interesting point is that the quantity 
of heat, gained is nearTy^'%i..same ^s fpr a flat , 
plate coflector with the same.aperture area. 
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Fig. 1-5. Liquid. Collector. 
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Fig. 1-6. Air Collector. 
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Solar Collector Configurations 

Absorbs 

' Direct and Diffuse Solar Radiation* 
Direct and, Diffuse Solar Radiation* 
Direet Solar Radiation " 



*See page 1 9 forjhe difference between diffuse and direct soiar radiation. 
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^ The major disadvantages to the use of con- 
centrating collectors are: . • 

1. Their InYbility to function on cloudy or ov^r, 
cast dayVr 

2. ' They muJt track the sun's' travel; and 
3.. They aref expensive to construct, operate, 

; and njjaintalh. ' K 

' * Cloudy days* proyidfe only scattered (diffuse) 
• solar radiation. The illustratioh below shows that 
concentH'fitin^, collectors will not work on cloudy 
days and, thus, they can only operate on clear 
sunny days plmply because diffuse cadiation can- 
; not b% focused on the- absorber by the reflector. < 
' . HovyeveY, f'lat plat-e collectors can Catch and ab-^ 
's6rb tlie heat of both direct and diffuse "sola^ . 
'radiatioh. * - . ' . 

Jhdrmal Storage Choices 

- Collected h^at not used immediately is 
stored by heating a particular substance that can 
"hold" the heat for later use. While a variety of 
substances can be used, water and rocks are 
/most popular. Water storage is used with liquid 
solar collectors; rocks are. used with air collec- 
tors. Water can be contained in somd type of leak^ 




Fig^ jl-7. Linear Concentrating Colfector. 




Fig. 1-8. Circular Concentrating Collector. 



proof "tank" and rocks.are enclosed inside some 
type of s'tor>age "bin." 

All storage units should be insulated, but 
water tanks s*hould be particularly well insulated. 
^ Insulation prevents loss of stored heat and 
minimizes the amount of uncontrolled heat escap- 
ing from storage that might tend to overheat near- 
by rooms'(similar to a hot furnace room "over- 
heating" adjacent spaces). 

Watef Storage. Heated water from a solar col- 
lector is discharged into \he top of a water 
, storage tank. Cooler water at the bottom is then 
pumped track through the collectors to 
reheated. - . ^^^^ 

\Na\er storage units can be placed>r(a base- 
ment, crawl space, ^garage, or buried^side^or out- 
'Side ttie structure. Burted units ap^eldom a good 
\ idea because of service probl;j8rtT)s, damage to in- 
sulation^, and corrosion. Tanks can .be made of 
watertight concrete, ste6l or' (sometimes) fiber- 
glass. Because water Is relatively heavy (8 arid 1/3 
pounds per gallon), large tanks nnust be well-sup- 
ported^nd bottom ir«isulati6n must not be crushed 
(thereby reduce insulating, effectiveness). Fig- 
ure 1-10 sh(S)ws one method to insulate the bottom 
of a tank. 




Fig. 1-9. Direct and Diffuse Radiation on a Solar Con- 
centratpr. 



Air Storage. In air storage units, heated,tair 
from the collector is circulated through the rocks 
to transfer heat. ^ 

Rock storage can be provided by assennblinQ 
wood from boxes, by using concrete blocks, or^rr 
cylindrical' steel containers. Again, containers 
must be well cohstructed to prevent bulgirig and 
eventual collapse of the* storage contains! 
Although the container may take almost any 
shape, a basic cube configuration (Figure 1-1 1) is 
, preferred to configurations that would cause long 
vertical or extended horizontal -air Jlow paths' 
.through the pebble-bed. , ' , 

HowevQr, i? the height of the storage unit is 
^ limited to less than five-feet, a horizontal design 
can be used. The horizontal design does present a 
few drawbacks: . because of its greater; length 
rather than height as in a cube unit, it impo^^s a 
greater pressure drop to air flow. Further, since 
warm air tends to rise, great care is needed to in- 
sure that the air flow goes through (he entire 
_ length and depth of the horizontal unit. A tight fit- 
ting lid with baffle platens which force the air flow 
down and through the pebble bed helps overcome 
these problems. • 

The pebbles In these Units should be of 



uniform size and not fractured^o insure adequate 
air flow. The pebbles should be washed to remove 
dust before being placed intc^the unit. 

Provision should be made for ac£ess around 
these units for maintenance. The pebble units 
^ could suffer structural failure. The water un^s are 
'subject to leakage, especially at the plumbing 
i . .concrecfipns. Stee| tanks are subject to corrosion 
y 69 space shoujd'be provided for access if replace- 
rnent is necessary. 

AuiU^t^ Heat SourcesV 

' Whh ^jurrent enei^gy shortciges greatly 
discouragfhg the use of petroleum products or t^y- 
products (oil, LPG, natural gas), the trind is 
toward electrical space heating systems as back- 
ups for solar heating systems. The two types most 
often used are electric resistance furnace heating, 
and heat pumps, with additional electric 
resistance heating usually serving as the back up 
to the heat pump. 

Since all the data up to this point have cjealt- 
with a solar heating system, the following two il> 
lustra'tions show a solar air ^nd a sofar water 
system. When comparing two sysfems, take 
the following items into consideration. 




Warm Air System Fig. 1-1 2(A) 



Plu? 

Lower capital costs. 



Minus 



No cqlrosion, clogging, 
'or anti-freeze solutions. 



Leaks have-^less severe 
consequences. 




Duct work risers oc- 
cup-^ usable floor 
space. 

More ehergy required, 
to move solar energy 
from collector to 
storage to wse. 

Installation must be 
leak tight which is less 
obvious tvn with 
water systeij 



Domestic hot water 
system is not subject 
to contamination by 
leaks from the heat 
storage unit. 

Warm Air System Fig. M2(B) 
Plus 



Minus 



Water* is a cheap and 
efficient heat transfer 
and storage medium. 



Piping uses little floor 
space. 



Circulation of. water 
uses less ^ ehergy for 
equal heat conterjt. 

AOaptable to large 
buildings. 

Can provide energy for 
cooling. 



High initial cost. 

Corrosion, scale, or 
freeze Ccin occur caus- 
ing damage or block- 
age. 

Leakage ^ can cause 
considerable damage 
to the system and 
dwelling. ^ 

Contamination of 
water supply is 'pos-- 
sible if poor design 
allows treated iwater in 
storage to enter donhes- 
tic watpr system. 

Summer boiling can be 
problem. 



A Heat Pump for Heating 

: A heat pu-nrvp is correft\|y identified as a 
refrigerant machine that can extract useable heat 
from a source that/is at a temperature too low foV 
direct comfort applications. 

It is itanportant to recall tbat in the fundamen- 
tals' ol-^eat flow, it is a temperature dif- 
ference — TOt temperafure alone— that influences 
the amount )Df heat transferred. 

For example: A gallon .of water cooled from 
55" to 35y— a 20°F difference— gives off a 
greater -qu^ity of heat than a gallon of water 
cooled from 210" to 200" F (10"F difference), 
although thejatter is hotter \C the touch. 

Cold is onl)^ a/elative term. Heat energy is 
almost always present/ The exception is at ab- 
solute zero temperature (nriinus^ 460" F) where 'all 
thermal motion of atoms stops. 

Thus, as long. as the refrigerant circuitffdf a 
heat pump can proctuce a 'temperature/0(/7^e/'ence 
(by providing a transfer medium colder than the 
temperature of the heat source), heat can be ex- 
tracted. Remember, heat flows only from a higher 
to a lower temperature body. 

For this reason, it is possible to use air, water 
and the earth itself as a source of heat— even 
though one normally thinks of these substances 
as lacking heat or being co/of during the winter. 

A solar collector can be used to heat air, or 
water, so it is logical to combine a collector cir 
cult with a heat pump. As the heat pump extracts 
heat from storaige, the solar collector circuit can 
be used to replenish the supply. Figure i-13 il- 
lustrates this concept schematically. < ■ 
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t 



_ Auxiliary 
Furnace 



Domestic 
Hot 
Water 

Fig. 1-1 2(A). All air solar heating system. 
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And, as wais demonst'-ted at the University 
of Kentucky several years a.o, it .is possible (but 
not yet practical) to combine a sofar colfector with 
an earth source heat pump as well. In this con- 
cept, the earth is used as the storage "tank" and 
heat is added by the collector. Heat isjhen ex- 
tracted by the heat pump via hundreds oif feet of. 
pipe buried in the soil. 



Heat Out 




1 


Indoor 






I 


Coil 






1 w Expansion 




V 


1 T Device 
J 1 





Solar Assist Circuit 




o 
O 



Refrigerant 



Heat Pump Circurt 



genmgi categories of space 
^idential bu^ilding— re- 



Fig. 1-13. Schematic of a Solar assisted heat pump. 



Solar Cooking 

Of the three 
cooling methods for 

f/igeiration, evaporative cooling, and' radiative 
cooling— soJar energy is only directly usefiil if||^ 
refrigeration methods. Refrigeration systems cool 
by removing heat as it comes in contact with a 
cool reftigeratingx surface. In. Both the conven- . 
tional vapor-compr)pssion systems using ejectric 
motors and heat pumps^* and the absorption 
systerris which u^e a fuel, solar heat could be us- 
ed to drive the compressor in vapor-compression 
systems • or replace, the fuel ii:i absorption 
tystems.v , ' . - 



Vapor-Compressio^ Cooling 

>rln the familiar vapor^ompressioff c;^le, an 
electric motor drives a compressor that "puimps'^ 
refrigerant '-gas from theVelatively low pres'sure 
and teqiperafure in the evaporator up to the 
pressure aijd tiemperature level existing in the 
condenser. - * n 



•I 




(Solar Energy Products, Inc.) 



Fig. 1>12(B). Hydronic solar heating svstem. 
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Absorption Coolii^ - 

In mechanical cooling, gnwa-^ad ti^at is ab- 
sorbed at lt)w pressure anchtemps'^aure and tfien 
rejected at a higher, rpore conve lient pressure 
and temperature. ^ . 

In th6 atsorptipn procjess, heat.^ replaces 
horsepower. The ^compressor is replaced by an 
absorbsfj-generator assembly in which'a liquid^is 
used /to carry the. refrigeranj/" vapor from 
ev^PQ/ator to. pondenser 

A closer look at the ab^rber-generator 
shows how refrigerant vapor from thejevaporator 
enters the absorber where then/af)br is absorbed 
by a liqul(J. This liquid solution is then pumped to 
' the generator (whi9h is at thre same pressure as 
fhe condenser). 

In. the generator, tVie/^fquid is heated. -This 
drives the refrigerant vappnout of solution and the 

Heal Out 



Expansion 
Device 




Fig. 1-14. Basic vapor compression refrigeration cycle. 
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gS« continu/s on to the condenser.f^tie liquid, 
novrfree of refrigerant, is returned 1o the^bsorber 
'to repeat the process. 

' Jn conventional absorption cooling units," 
-^'heat is supplied from gas or oih'ln a ^lar assisted 
unit, a hot fluid provide? the required heat. 
9 Lithuim-BpSfffide Chillers, Of the absorption 
refrigeration.^ Currently Jh ^use, the Lit(pium- 
,Bromijje ChHIers apfjear to hokJ the ^n^ost pro- 
mise. Water is the refrigerant, lithium-bromide is 
the absorbent. The system operates under 
vacuum and requires a cooling tower for wat§i<^ 
ODoled condensing. TJie system cannot use air- 
cooled condensing because vOf the^ low- 
temperatijre in the absorber. ' ^ 

-Thefe are twoltypes of chillers— air chNlers . 
and water chiller^which alsqt describes their 
chilling funqtion. With the air chiller, room air js 
circulated directly past the evaporator coils: 

The water chiller requires a remote fan coil 
unit with room air cooled as it passes through the 
unit. The water chiller has an Advantage over the 
'air Qhiller in that it is possible to store chilled 



Refrigerant Vapor "Boils Off 



Refrigerant Vapor ^ — ^ 
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Liquid Saturatec 
with Refrigerant 
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Fig. 1-16. Absorber-Generator detairs. 
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Fig. 1-15. Generator-Absorber repla^^es mechanical com- 
pressor. . . <a^ 



Fig. 1-17. Solor Powered Absorption Air Conditioner. ^ 
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water when the building does not requife cooliag 
(as in themormng or art night). Thi§ enables the 
^system to provide for a large peakcooiinfl capacl- 
/ty. Typical requirements tp providk36,00C btu/h of 
coojifig are a hot water supply\>{~ eleven (11) 
gafflons per_minute at IQO'^F. Coolflfg capacity ob- 
' viously falls off drasticalty with lower-temperature 
water supply frqnrvthe collector circbit. 
t ' • ^ 

A Heat Pump for Cooling 

\. ' A heat pum^p is anothe/ possible codling unit. 
It is most easily remembered and described a$ an 
'air conditionejr that can pump out yvarm air when 
desirable, and then reverse'the cydle when neces- 
sary and pump warm'Sair in:Jt is a^mechanical 
vapor compression^ system con«^isting of a com- 
pressor, condenser, expansion 'vtjve,/and 
evaporator.* When in the- fcooling cycle, a heat' 
pump i§ not a solar energy powered device. It is 
onl^ in its heating mode that it can become a 
sofaf assisted device. This, happens when solar 
heated transfer materials (air or water) are used as 
the heat supply to jhre heat purWp. 

Solar Rankine-Cycle Engine i ' 

Solar ' Rankirve-Cycle "Engine is a sol^r 
powered engine that.can be4jsed as an alternate 



Pivoling-Tip Vane 




Motor-Generator 



soLfrce'of power for the regular electric motor, 
driven cQmpfessor ip a vapoT-compression* 
' refrigeration syslem. Solar heat can vaporiz^an 
^ organic fluid to drive a turbine which is coupled to 
a compressor. Thus, thuough the use of a Solar 
Rankine-Cycle .Engine, a device such as a heat 
pump could becomes solar related device in both 
xooling and* heating modes. (See Figure MB). 

" ^ I V 

Evaporative Cooling J^^us Storage 

Conventional evaporative coolinti in arid ac\k 
semi^rid parts of tvlqrtli Ameripa is aceompltehed, 
tiy circulating outdobr air through a wette^d pad. v 
• ""This simultaneously lowers the dry tulb tjenriperr 
ature of the airland raises the'wet kDu lb/temper-* 
ature. This coo^but humid air is tKen circulated 
through the house for comfort cooling. 

Strictly speaking, evaporative coaling cannot * 
be **helped'' or f^wered bV-i solar system. How- 
^ev^r, the*rock (pfebble) bed storage associatedJi 
with an all-air solar heating 'system can be used 
along with an evaporative cooler to store cold at 
night for us^during the day. 

Here fs how it worKs. At night, outdoor air is 
' circulated through the evaporative cjpoler and the 
air is then circulated through the rock storage to 
subcool the rocks. This moist ,air is then ex- 
hausted to the out of doors. 

In'the daytime, hot room air is routed through . 
^ the cool pebble-bed, sensible he^t is renrioN^d and 
circulated throughout the house. Note frat no la- 
tent heat (moisture) is removed in thislprocess, 
thus, this technique is not well, suited for all 
areas. 
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Fig. 1-18. Componi^ts of the Battelle Solar Heat Pump. Fig. 1-19. Evaporative cooling with rock storage 
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Other Cooling Possibilities ^ ^ 

Besides prlbvidrng .comfort cooNng via 
mecharycai cjevices, jt is also possible to coo/.i^s- 
ing cH^ernl^al reaction devices similar In operatic^ 
Mo thet widely used chemical dehumidifiers— li-' 
quid al^sorption and solid absorbent equipment 
Ip thes©Hslevjces, a desiccarit-jmoisture cap- 
tttfjng chermca'l---is used 'to dehumidify air and 
-^tben solar ;heat is used to provide some of thp 
^energy to jegenerate ' the desiccaiit '►f^fter it 
becom^ saturated ^Ith moistur^^ tVapg^ratlve 
* copling<an als^o be added. . ' '> 

' On6 innovative (device vuncter study is, the - 
Munter Environmental Gor#rdi^'(MEC) unit shown 
in sofiie detail in Figure 1-20:^ • • , . I 

Reverse radia+ion from the absorber-surface - 
a ftet-plate collector to1he coLd night sl^ can 
iooj the absorber surface/Mt can also cool the 
_/ater or air ciP^culating through a collector. To use. 
this pVinciple, a shallow water pond' covers the' 
roof vm^ sectionalized, retracting, insulated 
s;overs Aver the pond. At night, the cqjrfers arls 
refwc^ed to cool the water' in the pond by both 
evaporation and radiation. They are then closed 
r during the. day to. prevent the water from being 
heated: The cool filter is circulated through fan- 
/ doil i/nits to cool the rooms below. In the winter, 
the process is reversed to capture the sun's 
/warmth during the day. The covers are 'closed at . 
. niqht to retrain the heat, which is radiated. to the 
rooms'' be Low." ^-^-v^ ^ 

jporation of the water,, which occurs, 
natijfaily,. increases its salinity and thus requires 
periodic draining. Possible freezing is a problem. 

The generalized schematic (Figure 1-21) pro- 
vides an idealor this type of system. 



ECONOMICS 

The exploding demand for en^gy, both in 
-United Stajies and throughout' the rest of v. 
world, will continue to force the cost of energy up 
and will result in recurring energy s'hortages. 
Compared with other^ energy Vhternatives, solar 
energy forssp3ce heating and domestic water 
beating requires relatively high* capital, although 
this-factof is b^in^'Offset by several factors: (1) in- 
creasing cost of other fuels, (-2) intensive research 
to develop ^m^e cost effective systerr^s, -^na 
the pbtent.ial fo/ an e)(celjent Itfe paycack cy- 
cle. A prototype system usingheirculat|ng air has 
worked/'well since ^^57 with nq?- ma problems 
j^nd ^ essentially no - maintenance zostsf. -S'olar^ 
assisted fteating'i^ecominc ecj)non7i^all^ com- 
/ petitiVe \#rth heating tiy fuel oil, propane, and elec- 
tricit>? i^ many parts of th^ country. 

Wijth present jday equipment and prices, most 
solar systems have a fair^ long payback. The, 
energy is free but the equipment investment is 
relatively high. As additionaf square feet of-collec- 
tors and larger storage tanks are adde?. .:ne must 
look at the new investment veraus savings. A 
solar system large enoijgh to provide DO percent 
ofjhe heating requirement has a r.uch longer 
' payback period than one which does just part of 
the job. At present, most solar installations are 
sized to handle 50-70 percent of the total load, a 
backup conventional system sized to nandle IOC 
percent of th§ load is fiormally included to handte 
conditions when no solar radiation is available 
and ttie stored heat has been depleted. 

Location Differences 

/Th^ economics of solar heating in different 
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Fig. 1-20. Schema^c of Adsorption Cycle (courtesy of the 
Institute of Gas Tefetinolpgy.) 
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Fig. 1*21. RadiaUve Cooling System 
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, BecBuse otcolderweather and greateri^tin^ 
quirements Jb'und in northern latitudji^ anc 
ceaslvely%1oiJdy wfeather coastal areas, it \s6\y 
flGult to predict v\4i'ether or not solar heatings 
systems will offset the costs of heating with. other 
fuels until^^l the cost and weather factors are 



3o^J[ of^quiprfient.' - ■ 

Amount of isolar ra^iattoru available during 
the heating season. ' 

Heating load of^the proposed structu^re. 

'Cost^f conventional heating energy. ' 

Th6 fei:tent to which the $plar heating System 
carrbe utilized outside the -heating seasort, 
for example, domestic water^fleatmg.Z 



determined. For example, the g'reatesT average 
amxiunt of sotar radiation im the Umte^ States is 
€5^ailable in th*^ '^' cky Moyuntains— Southwestern 
"^rea because . ela^'vely clear weather condi^ 
^ions. Other/areaPl^ jp^^oL '^ry arje not excluded, 




-eft^ ndicTates that solac 
y a'^'* tectinically feasiblB 
unt: at thi§ time and vvill 
ad as conventional er^ergy 
the followin^^predictians 
f energy in Fort Collins, Gol- 




-however, since 
heatmg is eco 
in many pa?^ 
become more2W 
""prices rise. C 
basea oi^ t hero's 
orado in Table 1-1^ ^ 

^n a more general t6he, the U.S. Department 
of LabQr, Bureau of .Labor Statistics presents the 
overview, ij] Table 1-2. The only figures not sup- 
plied by USpOL are"th*e projected, 1980 ujtilify 
' costs.JE^mates are b3sed i^n distillation of data 
from industry, Edison Electric institute, Arthur D. 
Little study. Energy Law (PL 94-163), and assuming 
natural gas wellhead aer^gulation before .1980.. 



Fuel 

Natural 
GaS> 

Coal 

^1=^uel Oil 

Prcoarfe 

Ele3triclty 



Unit 

1,000 cu. ft. 

2,000 Ibs.^^- 
Gatlon 
Gallon 
KV H 



Btu/Unit 



Table M 



Efficiency 
of Heating 

(%> 



880.000 

21,000,000 
135,000- 
9^,000 
3,412 



3ost* 
-Jiit ($) 

1.02. 



42.qo 

.38 
.35 
.02 



Cost** 
Per 

Million 
Btu ($) 



1.45 , 

3.08 
3.75 
4.77 
6.10 



^PredlcteG 
Annual 
Cost Increase 
(%) 



17 

15 
20 
7 



Currently :->e cos^ otelectriclty per KWH is 2c In Fort Collins, Colorado; 3c in Columbujs, Ohio; and 9c in New York 
City. ' 

"*he costs ^ thic column take into consideration the fuel's efficiency of heating. - 

^ y Table 1-2 ' 

U.S.Utility Rate Comparisons 
^ (Residential averages) ^ 





Percentage 
of increase 
Dec. 1967- 
Dec. 1^75 




Cost of Million 
Btu's 

1973 vs 1975 


Present 
UtiUty. . 
Cos;s 


/Projected 1980 
f Utility Costs 

Dollars % 


Gas 


82.1%' 


$ 


1.28 


$ 2.33 


$15.12 per 
100 therms . 

\- ' 
$39c gallon 
(#2) 


$45.36 per 
100 fherms 


300% 


Oil . ■ 


130.6% 


$ 


2^r 


% 5.24 


$54.6 gallon 
' (#2) 


40% J 
*<- 


Electric 


57.9% ' 


.5 


7.54 


$11.91 


4.-5CKWH 


6.3c KWH 


28% 



Cpjuple the'fbove injfor'mation y^X^ a pYed'iction 
^fthat all these figel^ (except electricity), will, be . 
sMJiiavailable in parts 6f th.e_ United S^atess^t ^ay 
price "for space Seating, and * electric spac§ 
heating will b,e^ar more cqstly; and solar space . ^ 
heating be onnes very realis^ and competitive. ^ 

Pro^>^Sy5tem\sizlng Dollars 

]► * i WHterr.-a solar he^a^ing^s ystern is /riesigqed /(^ 
\ (sized) for a building, its basic cosl can De^ 
"Viinimized 5^ firstrreducing the heatina^ad of* 
the building to a practical minimurfi. For/xamplfe; 
I ^ a partipular model^f ^ collector may cost $14.00 
' per square foot. If 500 square feet were initlallf re- 
quired for a specific house; the investm^t-would, . 
be $7€IO0 fDr colleitors. If aijadditionai ^00 wortjiV 
of insulatiion would reduce the r^qtJired-niimbeTof 
collectors/io total 35Q-«quare feet, the savings in 
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City and 
^ State ■ 

' Boston, 
Massachusetts 

Cleveland, 
Ohio 



Ithaca, 
York 

Lemont, 
lllrnois 

Lincoln, 
Nebraska 

/letiforcf; 
Ordgon 

Newport, 
Rhode Island 

New York, 
New York 



1^ 



Latitude 

' De^rejBs 



<4 



eolleotof cost would be S700CT' Vninus ,(350 x\ 
$14.00) or $21"^^. beductihc the $5&q additicmal' 
c6^st for the ij^ulation, th^-^^iArneFs net saving \p 

'f!-st .cost wil^till b'e $1j^©c Thus, the maxi-murti 
r iergy cojfet.savmgs p^un t of initial investment 
:an be^r^alized. A)'^ unles-s dictaftd by.unusual 
actors, it is ndf practieal' tp size, collectors to 
carry lOOVo of the l(fed, therefore^Q-70^e^rcenV(^V^^ 
'he annual h'^ating .requir^ents^s-a-'practical/ 
and econornical rangg fc^ttu»rsol^r heating Pqi/ / 
tibn. ' , - 

Fur'ther iterfis which might h^lp influence ani^^ 

^.Individual to incorporate solSr heatinjg into^^thei , 
construction oif 3,hojne would include the foirrfv^^-' * 
ing DOSSible cost savings: ' / 



-1 



1. Incorporation of ""system^ into building de- 



42 



41 



42 



41 



42 



41- 



41 



ble 1-a 



Elevation 

29 

^^ 805 
■950 
' 595 
1,189 
1,329 
60 
52 



sign. 



Average 
January 
Temp»iahire 
Degrees>F 

30.2 



28.4 



1 



r 



- 23. 



24.6 



24.8 



= :'.4 



-3.4 



January 
Solar 
BtUMft.^ day) 

511- ■ 



456 
4^^ 

529 

=\c z. 



Salt Lake City, 
Utah 

Sayville,: 
New York. 

State College, 
Penasylvania 

Upton, 
New York 



41 



41 



4,227 




20 

1,175 ' 
T5 



35 

28.4 

35 



603^ 

511 

583 



.1 



2. Ease of maintenance and repair. Warranties, 
^■^guarant^s, rellabie product serv^e, and re- ^ 

^^laceroentvparts must, grow $it a rate to sup- ' 

port iestalled systems, 

^ ^ - ^ ; ^ ^ f . 

3. ' £ifst c(ost versiis long term. Consumer edu- 
I X cation is essent^l \o sliovy^tfcre merits jDf life 

^ Cycle cosjing (predicting how lor>g the Sfluip- 
* ^ merit carf^e expected to operate before re- 
^ placement and what^heVeal dollar^ acnoufil 
wquld be) tojjpther witti lenders ^illina to 
^ J capit^flize^he solar equipment on^uing ternri' . 
finMcing» This kind of^ information Is es- 
^ iSecially ijjiportant to pomnfierciaP building 
■ 4Qwners conterhplatinQ^tfte' design and con- i 
st^ction (or rertiodelingj^W large structures.' 

4. Safety, realia^ili;(V, and efficiency! Sqiftr ^ 
heating and fcoolinp hardware F^hioulci be pro- 
ven^to be af Feast as safe, rel abnst,'and effi- 

^ * cient as conventional' equipm-^"it. 

Additional Costs Beyond the System 

' Sonie pf the factors which Tiust be con- 
sidered whefTcp^ing a solar heating system are: ^ 

1> QoSt'Of solar assisted heating/cooling equip- 
' ' ^ment. 

^2. Cost of au^ilifiry energy. ' 

3. Cost of installgftigj^ 

4. .Cost added to building construciion to* ac- 

comodate the System. ^ 

"B. Property taxationji^t'es. 
6. Loan i at erest rate'. 

.7. Cost of rhaintenance and servic= includ 
replacement parts. 

'8. Annual cost of insurance. 

9. Credit for income tax savings. 

. ■ ^. ■ ,-■ * ' ' t) 

Based on the above factors, it is ess&ntial fhat the 
solar heatihg/solar cooling system provide the 
maximum possible return for dollar invested. 
These returns are based on savlnas over the In- 
stallation, operating, and servicing, of conven- 
tional heating systems. 



dihnatological' Considerations 

"Further consideration mu,si (?e given to thft 
(Jlifnatolcgica! characteristigs in the, area under' 
consideration Th^^hart in Table 1-3*ls provided 
to emphasize nat assumptions about clim^YolTogi- 
cal character sties 'ac^' not always cor/act,, 

"^By simf)l conip^ring cities whjch are found 
in a 70 'mile wide belt that strWt^s fronri coast te^ 
cbast>a difference of l^^'F^found in the avelrage ' 
tempera'ture for the month of January (Ithica, New 
York's 23^F versus Medfofd, Oregon'^ 37,4" F).. At 
^e same time and in this same belt, January* 
;^olar Btu's varied by 265/day. Medford; OregonrtST 
Tow Svith only'4» Btu'6 (although Ith^a, New 
Ybrl^ is only 15 Btu's better at 449) whilethe hig^ 
side is hejjd by'lincd!tn,-,Nebra'ska with 699 Btu's^ 
(al^hotjgh Us aveca'ge dliil^tertiperaturejuring the ' 
perioci— 24.8"F— is only 1,a^F higher than Ithaca, 
' New' York's 23»*F).- The point of ttiis exercise i9» ' 
^that -many factors must be careful lys analyzed, 
when cllmatologk^U characteristics are con- 
sidered. ^ Boston, Massachusetts, receives 5" 
more precipitation per year than the usually wet 
city of ^Seattle, Washington. Ffagstaff, Arizona, 
'receives an average of 96" of snow per year which 
is'more than B :rlington, Vermont's 80" average. 
Since these 'ar ors contribute tc the co^Tbf the ^ 
system; it Dec mes increasingly important, to 
know the geogriohical area you serve. ' ^ 

SUMMARY 

t A basic overview concerning essential §ol«r 
heating/sola^ ccoling components and the eco- 
nomic cons derations which influence a person 
^ointemplathg- a solar energy system has been 
presented, jne eed not spend much time at- 
tempting to :!9te nnlne whether t*ie utilization of 
solar enerc jr residential and commerclaJ 
heating is ne essary or feasible. The lack of fossil 
1uels makes :t Imperative to design efficient 
heating systems which utilize solar energy to pro- 
vide for our neating and cooling comfort. 



;_^6lAR RADIATI|(>N ' 

^ ^ There are six'basicjorms o1 energy useful to* . 

man— cherrvcal, radiant (soljir), Jieat, ''nuclear, 
, ^ mechanical, Irnd electrycal eneigy? Heat is ^n- 
sirfered a^ /cyver iorm^of ener^^^ince all othe^ n 
for^s can bfe converted to heat fairly easily, 
» the heat energy cannot be rea<jily converted to the • 
. other forms. ' I * 

V The sun pqpvides a-* highf^^ concentrated' 
sotffce of- radiant e^riergy which *can be convert ed 
to heaV Consider that the,sun lias projected ra- 
diantan^ergy across 93 mf^llionTiriTOs to earth,, an'd 
thaf^jearth offers only a^ very ismalMarjet to the 
/ sun's oulgoin^^energy. The tremendous toftal- , 
- em outit of enwgy Which the sun rnusl .be-giying 
' off can be fealizis'd! Even thoOgh the earth's stisTre 
<^ of this radiated energy is relatively srtiall, a great/ 
r- number of the earth's inffdbitants are more than 
casually interested in the portion that our planet 
manages to intercept. / , . 

^ ENERGY AND SOLAR RADIATION AND llFE 

, . ^Life exists because of the'^sun's energy. Sun- 
light that was received in past ages is also the 
reason for the existence of our fossil fuels— coal, 
oil, and natural gas— which are now becoming in 
short supply. SunlTght^is Vesponsible for the ex- 
*istence of living forms'of fuels, such as celluloses 
. ^and starches, and their by-produq, alcohoL In ad- 
dition to epergy, the sun is responsible for earth's 
existing climate. As small as the interception of 
solar energy by the earth may be, it is sufficient to , 
Heat^the atmosphere and keep the earth*f rom turn- 
ing inr^ a solid, frozen sphere. 




an idea oT the h^at generated^^by thes^^iiefent 

^aves, evident in* the vertical scale ""ojpt t*id ^ 
hand side whi^h is ntark^ih ehergy^ensi^y in 
british^therraal units*p6r hour per square foot [Btlfi 

^ (ft^ h)]. This, scale, represents the amount of heat 
th^t would/re^sult if ^^ves oi a given vyaV^ length 
were^x^pmpletely absorbed, by a flat surfa;se one 
square kx)t in area for one hour. The higher thQ 

. Qurve,*hl greater Jhe jheat. The instruf^ent used 
to measure solar energy'is ca\\e6 a pyfheliomi2ten\. 
It co«list5 of a vfery sensitive , blapk disc which 

iiWhen\exposed to the- sun's rays, is heated. Jt]e 
black disc is connected tO/One'end of a-thermo-. 
coupje. As thVdisc heat&;«^alta*ge/is produgfed at^ 




FJg. 2-1.,The Electro-Maghetic Spectrum. Radlatlcn from 
the sun consists primarily of ultraviolet, visible, and. infra- 
red radiation. ^ - 



inline 



THE NATURE OF SOLAR RADIATION 

What is the nature of the radiation received 
from the sun in such vast quantities? For this 
course, the sum is a sphere, the outer skin* tem- 
perature of which is approximately 10,000''F and 
from which is emitted energy in the form of radi^ 
tion. Figure 2-1 shows the ele!s.tromagnetic spec 
trum of the sun's rays and depicts seven differeat^ 
types. of radiation, although our interest only in- 
volves the middle three: ultraviolet, visible, and in- 
frared ra/s. This is not togmply that there are no 
effects from gamma rays. X-rays, or radio waves, 
but these rays- are not important at present to the 
heating and air cpnditiioning industry. 

THE COMPOSITION OF SOLAR RAYS - 

The radiant energy waves can easily be ar- 
ranged in increasing order of wave length as illus- 
trated in Figure 2-2. This lllusfration also provTdes 



Curve for 
Temperature 
of About 10.000 F 




2-1/ 



Fig. 2-2. Radiant energy fron^e sun. 
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the otrfer end of ttie theronocouple^just like a th^- 
.mocouple ^^eated by a pitot Jighl^. vSipce the 
voltSige'^outpk^t will vary with the temperature of 
the disc, the output can be c'alib.rated to indicate 
Btu's per haufv per square focs^f f^dia^on falling 
(See Figure 2<}I. . ' ^ ' 



The followifj'g example \aHII sh6w th§ use of/these. 
data. -Assume ttiat the-^annual avercige daily ^^r 
/^radiation for Blackstone,-^ Massachusetts, ''is 352 
La'ngleys per day. To convert thks to'Btu/ft^, 'multi- 
ply by th'i'CQnversion factor fsr Langleys taBtu^Vt 



QIFFeRENT UNITS OF MEASURE ^ 

1 The above description is an Sccepledirianner' 
o1 expressing a unit of solar energy— -Btu/(ft^ h).'. 
However, other units may be found wh'en^ reading* 
s6lar|data.,Now is an'ide^^time to leai^'to recpg-. 
nize thes^'unifs^nd to be able to conv^ert frbm 
grub unit to an6ttier;The gnits are generally either 
En^.gy DensHy expressions or/Power expressions 
and are usually^xpressed as follow^ 

. %UNIT • 

\ 



ABBREVIATION 



ergy Oensity 




KJ/m2 

Lacigjey (cal/cm^) 

Power , ^ 

Btu/Cft^h) * 

KJ/(m2hy- 
Langley/min^ 



. British Thermal Units 
,per square foot 

Kilojoule^ppr square 
meter " 

Calories per square 
centimeter 



British Thermal Units 
per square foot per 
hour , 

Kilojou'les per square 
meter per hour ^ 

Calories per square 
centimeter per min- 
ute 

Watts iper square 
mftter 



To convert the^e units from one set to another, 
use the following conversion information. 



To Convert Into Btu/ft* 


To Convert Into Btu/(ft^ h) 


Multiply 


By 


Multiply 


By. 


Langleys 


3 69 


LangTeys/rnin 


221 • 




. 088 . 


KJ/m^h • 


^ 088 








.31^ 
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3.69: 



LatDifile^'s 
claV- ■ 

t 



< 3-69 
Convefsion 
Factpr 



^ i t299 
Btu/fft2.d) 




Open Tube 

'"V, Blackened Disc 

>w / Becomes Heated by 

*^ . '■ Solar Energy 




• Solar 
Altitude, 



measure solar energy is 
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Fig. .2-3. The instrument used to rweat 
called a pyrheliometer.\ ' 



SOLAR INTEr^SriY^ ; 

^ The iWterisjty of the sun's en^gy output is | 
quite corystant. Ju^^ ou^lde ttie eacth's atmos- ' 
phere^this intensity has been d*eiermined t6 be 
,1.940 Langleys/min (1,940;;x 221 = 428,7 Btur(ft?'h) 
at the average earth-sun distance ahd i§ called 
the '^solar'^constantf^ v ^ 

.. 'it ^ 
The Solar Spectrum f ' ^ 

As mentioned earlier, the radiation from the sun' 
can be separated^into three major energy regions: . 

1. The short-wave-length radiation at the left of 
- - Figure 2-2 which is called ultraviolet or UV ra- 
diation and is not visible to the human eye. 
!^ These are t,he rays that prodiice our suntan 
or sunburn'. A^cop^^iderable amount of the UV 
radiation which enters the outer atrhosphere ^ 
is absorbed there and does not reach the 
earth's.surface. k f 



2^ 



2. 



' ■ ^ . ■ ♦ A . 

The middle wavelengths in Figure 2-2 are re- 
ferred to as the visible- spectrum , since these 
ar^the wave ^qngths whlcHi be seen by 
nhe Ifuman eye. Wl>tfn this white light, is 
passed ftirtiugh Si specially coastructed, 
traingular piece,of glass called a prisnn, tWil 
varying speeds at which thesg wavelengths 
travel cause it to b^rc^ken fhto colors that 
vary froni^iolet through the blues sTha-grejens' 
to the rerds.. indjqated by Figure 2-1, the 
an extrennely n'afrow^ 
d to^the^ltraviolet and' 



' visible, spectcum 

' barrd'whert connpfir; 
-vthe IrxfrAregl'tjands 

The teng-wave-le/igth is referred Xp.as lfifra- 
$ j^d radiation ypR),(pr heat radiation, akfTdagh 
" ttie latter ternn is not^good or>e ^Tnce both 
ultraviolet and iM;ared wIM heat an objSct. 
. PraQ>ically §,ny^ object can be-considered to 
be radiating infrared, ev6n a cake-of ice. Th 
anndtint of infrared radiated will depend on 
the^itenn's tennperatur^. Materials with a tenn- 
perature below 800''F^nnit only infrared, 
.with no visible or ultrav^iolet radiation. Thus, 
the radiation ennitted fronn surface tennpera- 
tures below 800 ''Fis quite allfferent in quality 
fronn the radiation'of the sun. 




\ A solar collector abs(!)rjt)s radiation frorrrfill three 
of . these regions. The ultravioJef and visible, as 
well as infrared, are converted iRto heat on the 
surface of the collector. s\ . 

Energy Reaching the Earth 

' The energy reaching the earth ranges fronri75 
to zero percent of,the '.'outer space" value pf ioo 
;perceQt. F/orft otfter space, the energy hits the 
. per atnnosphere and sonne is reflected back. Som 
which passes through is reflected by the tops of 
clouds^gil^ by dust. The ozone layer in the upper, 
atmosphere absorbs much of the ultraviolet radi'a- 
tion, while^ carbon dioxide, oxygen, and water" 
/vapor also absorb* radiation. Dust and cloudp scat- 
ter, some of theYadiation as illustrated i(^Figure 
V^2-4. . . . ■ • ■• 

Note that radiation is termed d/recf radiation 
If it, has not been scattered, diffuse ifjt has. 6n 
' T cl6ar days,' diffuse radiation may represent 10 per- 
cent (direct equalling theptjber 90 percent) of:tha4 
(Jay's radlaticm. On cloudy days, diffuse radiation 

How Muc^ Solar Radiation Actually ReacHes Us? 

How. rnucl] radiation^ actually does reaQh the 



earth? Assume that-a hoasie Is. 40 f^et long by 30 
feet wide and occupies a groumi area of 1200— 
^ / s.gllare fegt (30^ 40 = 120'0),1gnoring siiQh factors ^ 
as shadows,. tJT« sun will shine on*a miniryrwrT^ flaJi 
' ^^rea of 120p^sqgare feet. On a ctea'r day, at ncJort,-. ■ 
\\ye solan/nejgy 'deceived by 1- square-foot of flat ^ 
>^ \surface^area is about-290.Btu/h. Thu"^, for>he^200 

^square feet of surfape, th^ total, heat energy ab- f 
/ so/bed is p48,.000_Btu/h (1200'x 290 ^ 348,000). * 
^ Hovy -much heat'does^is represent? In prac-^ 
tical terms, this amoutjt of neat wilf^melt 29 tons 
of ice in onef^ay (12,0^^ Btu/h equals the cooling • 
^ capacity of dne tpn of ice, Divltije: 348,000 'by 
^ 12,0(5t) and the -answer is 29)? This Is^hTowoafn a1r 
difcnditioner gets its^^ton- rating. Fijrtunately, ^\ .a 
hollies are not greenhoujjes and are designee;! ,tp 
refleicj'avvay- most of'this heat, sq little so\^x 
^eoergy get's inside of the houses. ^ , * . .1 

Monthly Variations 

Solar energy radiated to a^ horizontal surface 
- at any location on earth, if averaged over a months' 
, shows a, month to month variation. This fact is 
due to.both seasonal changes in weather and the 
• changing angular relationships between |beNSun^ 
and the earth's surface! In the winter, 'tn^trn is\ 
lower in the sky than in the summer. The resultatit 
angle between the sun and the horizontal surface 
^ reduces the portion of radiation intercepted by 
■ ' the surfage. Figure 2-5 illustrates how the angle 
of the sun to earth differs in summer and winter 
This aspect can be seen in more praqtical terms in 
Figure 2-6: a roof ov&ijiang islised to reduce the ' 
, arngijnt of solar radiation entering'a house during 
the'&ummer. ^ / 

This variation'ia the sun's position in our sky 
o^btrfs because, as the earth follows it^ orbit, Jtie 
tilt of the eartTi's axis changes our relationship to 
the sun. Generally speaking, the angle of the sun • . 



■ upper 
* Atmosphere "N^ 
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Clouds 
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Fig. 2-4. Atmospheric Effects on Solar Radiation Reaching- 
the Earth's Stirface. • , 



above the horizon at noon is about 25° in winter, 
and 75** in summer for latitudes near 40°N as 
shown in Figure 2-5. S\nc^ this angle differs as the 
latitude differs, monthly average^ vary jn each lo- 
cakiiy'. Ta^ble 2-1 is included to show monthly varia- 
tions on a horizontal surface for selected cities ip 
the Uniited States. Note, for example, that C|ii- 
cago averages considerably less solar radiation 
than Tucson or Miarni in December. Solar data for 
a number of citiies are listed in Appendix A, 




Hourly Variations 

Another Item for consideration is the hourly 
position of the sun, which is clearly illustrated in 
Figure 2-7. Summer days hava^more hours of sun- 
light and the area exposed to t}ys solar radiation 
is greater. 

Early morning sun is at a very low ahgle and 
'the'^lar rays must pass through a larger thick- 
^ ness of-^tmosphere than at noon time (see Figure 
2-8.) "Tliis is a primp reason why noon sun is 
"stJ'onger."1f the sun was tracked with a pryhello- 
me^r throUfgh the day, the Btu's received would 
Vary in- a m^anner srfown in Figure 2-9/ 

If the sjDiar energy received each hour wa.s 
plotte'd on a fixed horizontal surface that same 
day, the pattern would be indicated by the golid 
line in Figure 2-10. 

As expected, the greatest Intensity still oc- * 
nicurs during the noon hour, but the energy received 
by the horizontal surface was less than In the pre* 



ctt 



Fig. 2-5. SUN*S position in sky affect^ amount dTf heat 
absorbed. Winter sun is hotter, but tower in the than 
summer sun. Angles shown are for 40 deg N BMtitude 
(Chicago). >^ ' 




Fig. 2-6. High summer sun is block out by roof overhang 
while in winter, lower^un permits rays to penetrate house. 



/ 



ERIC 



Latitude 














CITY 


DECEMBER 


MARCH 


' JUNt 


SEPTEMBER 


41 52 


Chicago.Jllinpis 


.280 


836 


1688 ■' 


1153 


32, 13 


Tucson; Arizona 


1093 


2010 


2610 , 


2139 


38 54 


' Washington', D.Cl 


541 


1178 


■ 2054 


1351 


25 ' M7 


Miarrv, Florida • 


1174 


1808 


1955 


1646 


64 ♦ 50 


Fairbanks, Alaska 


22 


858 


1940 


677 


34- ^0 


Ups Angeles, California 


905* 


1690 


2272 


1855 






Table 2-1 


■ A 
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IVlonthly Variations^in Energy onaYlorizonKal 
Surface Jn Selected United States Cities (Btu/^t^d) 
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Sunrise 




Noon 
December 



Noon . 
June 



Fig. 2-7. With the sun higher in the sky in su*hiAief there 
are more daylight hours in .summer than 1n winter. Note 
time of winter and summer sunrise and sunset. 



lort^, 



Shortyath of Sun*s fiays at; Noon 



Long Path of Sun's Rays 
During Morning 



Atmosphere 
Many Miles Thick 

/^Earth's Surface 




Fig. Interception of sun's rays by earth's atmosphere. 



yious case when the sun was tracked (dotted line 
fs fronn Figure 2-9). The curve Indicates the read- 
ings* were taken on a clear day since it is smooth. 
The presence' of clouds would have caused 
breaks in the curve. . 
r 

Vertical Surfiices 

While roofs are generally considered to be 
horizontal or tilted surfaces, building walls are 
not. However, walls are able to absorb solarradia- 
tion just like horizontal surfaces. The only differ- 
^ence is that their exposure time topithe sun's rays 
are different. {See Figure 2-11.) Another item of in- 
terest in Figure 2-1 1 is that the north waNi is not in- 
cluded. But, since the north walls of buildings in 
the northern hemisphere are not exposed to direct 
solar radiation in winter, a reacjjing would prove 
us^ess since it would be a flat line zero. North 
waM^ can receive some diffuse radiation, hiow- 
ever;f thus, the surface direction (north, south, 
east, west) and surface tijt (horizontal, vertica^, 
etc.) all affect the arribunt of solar radiation ac- 
tually intercepted. ^ . * 

Collector Tilt r ^ 

\i is advantageous to tilt the solar collector 
so that, it is perpendicular to the sun's rays as il- 
lustrated v/ith the pyrheliometer (Fijgure 2-3). Fig-' 
ure 2-12 further illustrates this advantage by 
showjng the increase in energy intercepted when 
a collector is tilted from the horizontal. The opti- 
mum tilt occurs when the angle of the Collector is 
the same as the incoming radiation. The max- 
Jmum energy would be intercepted if the collector 
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. /« /Fig. 2t10. Energy received by horizontal sui'face is less 

Fig. 2-9. Energy received by a surface kept normal to su^ than that received by a surface kept normal to a summer 
in summer. , • sun. . » ' i 
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were to track the sun across the sky, but tracking 
collectors are very costly and bulky for home in- 
stallation. 

The rule generally followed for the tilt of the 
collector in the northern hemisphere is to face the 
collector to the south. The angle of the tilt is lati- 
tude plus 15 degrees for heating or minus 15^ 
degrees for cooling. For example, Woonsocket, 
Rhode Rhode Island, is located directly on 
latitude 42'*N. If a collector were positioned for 
heating, its angle would be ,57* 
(42* + 15* = 57*). If positioned for cooling, the 
collector's angle would be 27* (42* - 15* = 27*). 
When the collector is to be used for both heating 
and cooling, a reasonable rule is to have the angle 
of the collector equal the latitude. Thus, for Woon- 
socket, Rhode Island, the angle of the collector 
used for both heating and cooling woutd be 42*. 

Collector Orientation 

Since maximum solar Intensity occurs at 
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ng. 2-11. Solar radiatiori falling on a building's walls 1n 
summer. Note times of maximum intensity. 



Additional RfiTdiation 
Intercepted 






Collactor Tilt AngJe 0° Collector Tilt Angle 45*» Collector Tilt Angle 75^ 

Fig. 2-12. Effect of. tilting the collector on energy inter- 
cepted. 



noon when the sun is due south (in the northern 
hemisphere), a collector should face directly 
south. If building conditions make ttiis impos- 
sible, a variation of ± 15 degrees can be tolerated 
without serious e^fJect on the solar radiation col- 
lected. Keep in mind, however, that an orientation 
15 degrees east of south will advance the time of 
peak collection one hour. A similar orientation 15 
degrees west of south will delay the time of peak 
collection one hour. FOr example, if the collector 
location is partially shaded in the early morning, 
aiming the collector west of south would de- 
crease the morning collection while increasing 
the better afternoon collection. 



idj^r 



Collector Potential 

Table 2:2 provic^pF&ne manufacturer's exam- 
ple of maximum heat output from a single 27 
square foot liquid ''cooled" flat plate collector for 
winter months in selected cities. Values are in 
thousands of Btu's (per month). Utilized heat 
would be somewhat less depending on building 
load and storage losses. (Note: Collector output 
varies with different designs. This is only one ex- 
ample.) 

How does the collector output compare with 
a building's monthly needs? Consider a well in- 
sulated house of modest size located in Colum- 
bus, Ohio, with a design^heat loss of 36,000 Btu/h. 
The home could require as much as 14 million 
Btu's in January for heating. From the following 
Table 2-2, this particular collector panel d^Jring 
January in Columbus could provide some 280,200 
Btu's at best. Therefore, 50 of these collector 
panels would-be needed to satisfy the total Jan 
uary Btu load on this house— an uneconomical 
solution.. 



Collector 




■ ' South 

Fig. 2-13. Facing collectors other thdn due south has 
modest impact on energy collected. A 15 degree variation 
can i^e tolerated. 
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Practical Data 

The amount of potentially useful solar energy 
reaching a surface, through clouds^ haze, and 
other atmospheric barriers varies from location to 
location, month to month, day to day, and hour to 
hour Fortunately, heating technicians need not 
be astronomers and track the erratic movements 
of the sun. The heating technician need only be 
concerned with specific monthly averages in a 
given location to design practical systems by any 
number of suggested procedures. 



SUMMARY 

The first unit of this course has, now been 
completed. The purposes were to develop an un- 
derstanding of why solar energy is so important at 
this point in our history, what constitutes a solar 
heating and solar cooling system, and the basics 
of solar radiation. These understandings are nec- 
essary for progressing further in this course and 
when leai^ni.ng how to apply this knowledge in the 
design and installation of solar heating-systems. 



Table 2-2. Example of collector output, Btu/month/panel. 



MONTHLY OUTPUT./COLLECTOR PANEL — MBTU 



°Litt. 
Ntrth 


Locitloa 


CottiC' ' 
tor 
Tilt 


Octobir 


Novinrtier 


Oicimbir 


.Jinuiry 


Fibruiry 


Mirch 




48.2 


Glasgow, Montana 


60° 


496.2 


338.8 


264.3 


333.6 , 


436.7 


536.7 


450,5 


43.6 


Boise, Idaho 


55° 


543.2 


387.4 


288.3 


^ 313.1 


404.4 


494,4 


481.9. 


40.0 


Columbus, Ohio 


55' 


420,0 


257,9 


259.3 


280.2 


312.1 


394,0 


360,8 


35.4 


Oklahonra City, Oklahoma 


50^ 


• 637.3 


554.2 


508.1 


504,6 


494,2 


556.3 


481.9 


40 


Salt Lake City, Utah 


55° 


536.6 


407.4v 


' 392.2 


345.4 ^ 


406.6 


475.3 


440.4 


29.5 


San Antonio, Texas. 


40^ 


660.6 


537,6 


497.3 


527.5 


529.7 


590.8 


484.4 


32.8 


Fort Worth, Texas 


45° 


668.8 


579.8 


498.6 


488.8 


497.4 


• 598.6 


511.6 


40.3 


Grand Lake. Colorado 


55^^. 


509.9 


386.4 


370.4 


390.8 


450.9 


410.5 


415,0 


42.4 


Boston, Massachusetts 


55^ 


425.4 


307.6 


279.1 


303.0 


319.2 


389,7 


• 339,8 


27.9 


Tampa, Florida ' 


40*= 


660.0 


. 656.6 


610.0 


646.7 


. 608.0 


670.0 


578.0 


33.4 


Phoenix, Arizona 


45° 


777.0 


663.0 . 


589.7 


606.2 


655.7 


• 756,0 . 


678.0. 


33.7 


Atlanta, Georgia * 


45^ 


566.3 • 


489.5 


422.7 


423.8 


4^11.7 . 


518.0 


499.0 


35.1 


Albuquerque, New Mexico ^ 


50° 


719.2 


626.7 


. 580.8 


,604.9 


592.9 


682.3 


588.0 


40.8 


State College, Pennsylvania 


5a° 


, 468.6 


307.5 


255.8 


. 280.6 


312,9 


405,8.-.;:, 


375.6 


42.8 


Schenectady, New York 




381.8 


242.1 


315.1 


281.7 


. 317.9 


, 365.2 


319,5 


43.1 


Madison, Wisconsin 




465.5 


306.7 ' 


293.9 


321,0 
535.4 


' 343.5 


442.6 


370.2 


33.9 


Los Angeles, California 


50° 


604.3 


577.2 


540.4 . 


556.8 


633.0 


482.9 


45.6. 


St. Cloud, Minnesota 


60" 


419.8 


309.3 


274.4 ■ 


362.7 


416,3 


- 482.6 


381,6 


36.1 


Greensboro, North 'Carolina 


50° 


537.8 


465.1 


. 396.0 


409.5 


430.2 


481.4 


456.4 


36.1 


Nashville,' Tennessee 


50 = 


556.0. 


424.0 


354.5 


325.7 


■ 380.7 


456.8 


438.2" - 


39.0 


Colombia, .Missouri 


50^ 


' 559.1 


438.7^.- 


-.339.3 


■ 356.7 


390.9 


. 485.7 


440.9 


30.0 


New Orjean^^uisiana 
Shreveport,HKslan9 


40^^ 


589.7 • 


506.8 


y 390.5 . 


415.8 


■396.6 


473.5 


448.2 


.32.5 


45^ 


590.4 


475.3 ' 


41.9.6 


■ 459.6 


452.0 


534.7 


461.1 


42.0 


Ames, Iowa 


55° 


378.4 


► 262.9 


197.7 


238.2 


294.9 


368.2 


. 354.7 


42.4 ' 


Medford, Oregon 


55 = 


455.1 


' 298.4 


213-4 / 


255.8 


343.4 


434.1 


' 412.3 


44.2 


Rapid City, South Dakota . 


60 


.550.9 


436.3 


383.3/ 


405.1 


453.2 


' 518.0 


420.3 


38.6 


Davis. Califori^ia 


50^^ 


719.3 


536.9 


401.3' 


448.9 


515.6 


'666.1 


647.2: 


38.0 


Lexington, Kentucky 


50=^ 


• 61 6.5 


477.4 


377.8 


' 359.6 ' 


411.1 : 


487.5 


479.9 


42.7 


Eas\ Lansing,^Michigan 


55^ " 


'415.0 


261.7 


230.1 


247.5 


314.2 


387,4 


313.4 


40.5 


New York, New York 


55='-, 


505.8 


389.4 


328.0 


357.1 


396.6 


^ 451.9 


381.8 


41.7 


Lemont, Illinois 


55° 


477.1 


352.7 


. 321.4 


343.6 


373.9 


450.3 


365,4 


46.8 


BIsmark, North Dakota 


60^ 


491.1 


346.6 


279.9 


335.6,. 


405,7 


'476.6 . 


411.9 


39.3 


Ely, Nevada 


55-^ 


636.7 


559.0 ■ 


475.8 


481.1 


512:4 


' 597.5 


483,4 


31.9 


Midland, Texas 


45° 


651.5 


596.2 


540.7 


543.0 


.543.1 


648.9 


562.1 


I 34.7 


Little Rock. Arkansas 


50^ 


578.4 


470.0 


400.0 


383.6 


408,1 


486,5 


435.4 ' 


39.7 


Indianapolis, Indiana 


55° 


501.7 


354.3 


293.2 


300.1 


332.1 


417,6 


360,4 "'^ 



(Tedders) 
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SOLAR COLLECTORS 



The cdllector is the "furnace" of a solar 
,heating system. This is the component which is 
exposed to the soiar radiation from the sun and 
starts the process of harnessing soiar energy into 
a reliable heat source for homes, business,^and in- 
dustry. Of all the elements in a solar assisted 
heating systfem, the collector is the cofhponent 
least familiar to the heating and air-conditioning 
technician. For this reason, it will be considered 
in some detail. 

Several phenomena in nature compare to the 
collector prthciple. One example of solar radia- 



'Direct 
Sunlight 



Fresnel 
Lens 




tion collecting is that of the almost unbearable 
heat that is felt When entering an automobile 
which has been parl^ed in the sun with the win- 
dows closed. Solar energy has\passed through 
the glass and has been absorbed by the fabric, 
metal, and/or plastic parts inside the (?ar, then re- 
radiated as longwave energy which "now cannot 
escape through the windows and^is trapped as 
heat inside the car. As a result, rfark-colored up- 
holstry or other components lik^^Jhe dash or 
steering wheel may be extremely uncomfortable 
to touch. 

The same scietitific phenomenon related to 
' the conversion of solar radiation into heat in your 
sun-baked auto occurs in a solar assisted heating 
.system. A specially designed component, called a 
solar collector, efficiently converts trdpped solar 
radiation into, a useable heat source. 



Reflective 
Surface 
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SheefcMetal ; C. .. 

+*qu»lng: \ • ? r 




Afternoon 
Sun 



0 



.(Northrup) . , 

Pig? CroM section of CQncenfratinSg collector. 



West- 



Fig« 3-2. Concentrating collector tracking sun. 



TYPES OF SOLAR COLLECTORS 

There are two basic types of solar collectors: 
the concentrating collector and the flat plate col- 
lector. ' • 

Concentrating Collectors are shaped to 
"gather" d/rec^ solar radiation and prpdgce high 
tennperatures. They utilise the principle'of focus- 
ing only the direct radiant energy by means of 
lenses or reflectors on a small absorber area to 
collect heat energy. In. order to function properly, 
thej concentrating collector must track the sun. 
This is done by mounti.ng the device on a pivot «o 
the collector can be moved to point toward the 
sun as it moves from the east to the west horizon 
during thie day. . 

Flat plate collectors are termed low 
temperature collectors (Figure 3-3)1 and will func- 
tion at various levels of efficiency depending on 
the time of day (position of sun) and ambient con- 
ditions (sunny to cloudy weather). They are per- 
manently mounted In a southerly direction in the 
northern hemisphere at' an antile to optimize col- 




Vt— S3 — : 



(Libby-Owani-Ford) 

Fig. 3-3. Flat plate collector 



lection and "absorb" both direct and diffuse 
re^^^M^ for a specific geographical location as 
discussed >n Lesson Two. 

. Each collector configuration has Its own 
relative effectiveness and efficiencyT^or this 
course, the study of ^olleotors will be limited to 
the flat, plate solar collector Factors such as the 
state of the art and costs have made these 
devices more popular for comfort heating. 

' WHAT DOES THE FLAT PLATE SOLAR COLLEC- 
TOR DO? 

^ A flat plate, solar collector, intercepts the 
solar energy from 1he sun and converts it into 
another? form of energy— heat. This conversion is 
achteved by absorbing the sun's radiation into a 
thir^ black metal surface. The heat is conducted 
through the metal into a fluid medium (ifquid or 
air) which transfers that fluid by a pump or fan to . 
another part of the heating system. 

To better understand how the -collector func- 
tior>s, study Figure 3-4 and learn the terms to be 
used in the following discussion. 

Solar radiation strikes the transparent Cover 
of the collector. Some radiation is reflected and a 
tiny amount absorbed, but most is transmitted \o 
additional cove^^s where reflection, absorption,, 
and transmission are repeated. Finally, the radia- 
tion reaches the absorber, which is usually made 
of metal. Here, the solar radiation is almost totally 
absorbed and heats the metal. The metal con- 
ducts the heat ihto the transfer system whjch cir- 
culates either a liquid through tubing or air 
through a duct to other sections of ^the solat 
heating system. The insulation beHind the^ 
transfer System. restricts heat loss through the 
back and sides of the franne; Excessive heat [oss 
'through the front of the frame is prevented by the 



' Direct 
\ Solac Radiation 



Reflected Radiation 
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^Trans^itted^ad^ti^n^ 



"Transparent Cover(s) 
(one or more) 



Heat Transfer System 

Absorber 
Opiate 



r * '^Insulation 



Fig. 3-4.' Flat .plate collector terminology. 



cover(s) and air space(s) between covers mjch j 
like the thermal effect of double glazed window^ 

When the solar energy (composed of ultrsh 
violet, visible, and infrared rays) passes through i 
the air and glass and strikes the blackbody, the 
waves are absorbed. At this point, a phenomenon n 
called wavelength ponverslon occurs. Some 
energy is reradiated from the absorber as long- 
waves and strikes the inner surface of the trans- 
parent cover. The composition of the glass cover 
causes It to be opaque to most longwaves and the 
heat Is trapped and therefore is not lost. (This also 
explains the heated interior of a closed auto- 
mobile parked in the sun). This so-called "greery 
house" effect can lie.explained by rieferring to Fig- 
ure 3-5tf 

- A refetiorfship between radiant energy dis- 
trlbutlottBtu/ft^ and wavelength was shown pre- 
viously in Figure 2-2 In Lesson Two. Now, in ad- 
dition to the curve for the sun at 10,000** F, the en- 
ergy distribution for a fireplace (approximately 
600'*F) and a coUector surface (assumed to be at 
200"F) has been added. » 

Note that, as the tempeVature of the radiating 
body decreases, the curves , shift toward long , 
wavelengths. A fireplace gives off some radiationr^^ 
in the visible range, but 9 surface &t 200'*'f emits 



Sun-^10,000°F 




^ Ultra- I 


Visible . 1 


Infrared J 


violet T 


Spectrum /j 


^ Radiation 1 


Short 1 


Wavelengths 1 


' Long ' 1 



^ f\Q. 3-5. Shift In wavelength toward Infrared as temperature of 
surface decreases. Collector emits In Infrared range which Is 
absort>ed and re-radlated by glass. 
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. only invisible infrared radiation which cannot be 
seen by the naked eye. In fact, any surface at 
1000^ F or less radiates entirely in the infrared 
range. Here again, thp glass is essentially opaque 
to infrared or longwave radiation, and the long- 
waves are absorbed by glass. Then, some are re- 
radiated back toward the absorber rather than 
allowed to pass through the glass. 

...WHAT ARE FLAT PLATE SOLAR COLLECTORS 
MADE OF? 

To further develop the understanding of solar 
collectors, a more detailed explanation of the; 
materials, used to manufacture colleotors are now 
presented. Keep in mind that the technology of 
solar collectors, as well as the whole field of solar 
heating, is advancing. As a result, solar heating 
components^and systems will continue to\under- 
go change at a fairly rapid rate based on researj^h 
and the development of products and processes. 

Transparent Covering « 

One or more transparent covers may be used 
on a collector. The optimum number of covers is 
determined by the collector design, collector use 
(heating/cooling comfort), and the annual, av6r- r 
age outdoor terhperature for a specific geo- 
graphic area. No covers may be needed where 
. average annual temperature readings are above 
70** F because relatively little deviation will occur 
fr*om comfortable temjDeratures. Two covers are 
required where the temperature averages 50**F or 
below for the year. While each cover reduces fron- 
tal heat loss from the collector, each additional 
cover ateo reduces the amount of solar energy 
transmi^Kgch td'sbme extent, so compromiscis in 
collector design niust' be made. 

Materials, Used. From outwar'd appearances, 
it would seem that both plastic and glass would 
be acceptable materials for collector cover con- 
struction. They have many of the ^ame character- 
istics of light and heat transmission. However,- in- 
terior collector temperatures can easily reach 
300** F; this would cause deformation of some 
types of plastic maierials- 

Several methods are being researched to in- 
crease "solar" efficiency of glass. One method is 
to reduce the solar energy reflected from the sur- 
face of the top glass. Another concept is to us6 a 
low iron-content glass that will absorb less en- 
ergy. A third approach would be to coat the lower 
surface of the plate nearest the absorber with a 
substance that would help redirect more long- 
wave radiation bdck toward the absorber plate. 

Cover glass must be selected that will be 
stable in thd outside envircpnment. It needs to be 

33 



tempered in order to withsfaTfd abuse from wind/ 
rain, hail, iG«, air poiiutants, and vandalism. A 
wire mesh can be used to protect the surface 
•^SSinst flying objects but the efficiency of the col- 
lector will probably be lowered. 

At the present time, glass is the principal 
material used to glaze flat plate collectors. How* 
ever, a few varieties of specialized plastic ma* 
terials can be used, the second cover may be 
made of heat resistant plastic. 




Another collector design 
blackened aluminum ^heet 
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One method of making an absorber panel is to bood two 
she^s of copper or aluminum together and then expand 
certain areas to form channels for fluid paths. 



Space Between Glass Plates 

The air' space between glass plates must be 
effective in preventing excessive heat loss (from 
collector out to surroundings). Therefore, each en- 
closure between the plates and the absorber must 
have nearly an air-tight separartion. This may be 
accomplished by installirigyf^ptible rubber mount- 
ings or using other sealing techniques. 

An evacuated space between glass plates 
might prove very effective, but presently it is not 
practical in conventional sheet configuration. 
(Note: **Thermopan^" or double glazed windows 
contain dry air or low conductance gas between 
panes— Viot a vacuum.) 

Absorber Plate 

Absorber plates are referred to as '*black- 
bodies" because, in theory, they totally absorb all 
visible light radiation and the color black repre- 
sents the lack of visible light reflection. There is 
ho such thing as a perfect absorber or a surface 
which absorbs air the radiant energy falling upon 
it with none being reflected. Bec)%use about 40% 
of solar radiant energy is in the vj^sible range (5% 
in ultraviolet, 55% infrared), the dolor of a surface 
can be important in determining the amount of en- 
ergy absorbed. Figure 3-6 shows a comparison of* 
surfaces colors and the percentage of solar radia- 
tion absorbed by each of them. 

Figure 3-6 

.-Note in Figure ^-6 that a black surface absorbs 
95% of tije/adiant energy while a white surface 
pnl^absorbs 40%. This is why a blacktop parking 
lot is so hot under foot and outdoof^tor^Q© tanks 
are often painted white or are covered with a 
bright shiny surface to minimize heating the con- 
tents inside the tank. The heat absorption prin- 



1 



Black : : 


- 0.92 ■ 


"t^ed, Brown. Grteen 


0.73 ■ 


Vftllnu/ 


0.60'h 


White. Light Cream 


0.40 ■ 


• 

n.iii Motfli 


0.52 ■ 


MAtnllir Pnint 


0.40 ■ 


Polished Metal 




Highly Polished Metal 





Fig. 3-6. Absorption of soiar rjtdiation by different surfacei 
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in a solar 



cipl^ explains why absorber 
co^ctor usually have a blac^ 
^ The most universally used^inish on^absorber 
pfates is^flat black paint ove/a primer. This prac- 
tice has been found to be very suitable 'for large 
temperature ranges and is very durable foj long 
periods of fime. 

Factors other than color corltrfferutelo the op- 
erating lefficiency of the absorber p)ate. While ab- 
sorbing solar energy,, th^ temperature of tlie ab- 
sorber plate rises and the absorber.it^elf becomes 
an emitter (sender) of radiation. To*minimize the 
outward loss of heat Jjy radiation from the hqt ab- 
sorber, glass plate^re depended upon to absorb 
the longwave radiation. Remember that glass is 
H, highly resistant (opaque) to longwave or infrared 
radiation and that most plastics are not as effect- 
ive as glass at absorbing radiation from the ab- 
sorber. To increase the greenhouse efff^t, some 
absorbers are coated with materials ,q^er than . 
paint which are called a selective surface. These 
special coatings impede the reradiation of infra- 
red energy/from the hot absorber and therefore, re- 
duce heat loss of the colleotor. As in most in- 
stances in applied technology, selective coatings 
have their drawbacks too. For one thing, they also 
affect to some extent the total energy absorbed 
by the surface; they are expensive, andMheir life 
expectancy is still^fundetermined. Therefore,, black 
coatings are generally applied to the commonly 
used aluminum, copper, anb/^steel plates vvhen 
they are manufacturisd. "'^^ — ^ 

Other^characteristics of absorber plates in- 
clude: (1) absorptivity approaching 95%, (2) mini- 
mum thermal resistance between the piate and 
thp transfer medium, (3) maxirpum^ thermal con- 
. rfuction between the plate and 'the transfer 
medium, and (4) emissivity of infrared rays from 
the plate to the transfer system. , 

Coating materials are manufactured for var- 
ious purposes. The most universally used is flat 
black paint over a primer. This has been found to : 
be very suitable for large temperature ranggs and 
durable over long periods of time. Alternatives .for 
paint, still being researched, are called selective' 
surfaces. They contain many of the essential phy- 
sical, optical, and thermal characteristics biit 
have-been considered (1) nondurable over a period) 
of tinje, (2) high or speculative in cost, (3) gen- 
erally unavailaTble because.of the appljcati^in.pro- 
cess, (4) unproven in their performance, and 
(5) not that much better than paint when they are 
evaluated. / a • * 

Heat Transfer Systems . 

Transfer systems refer to the method of rriov- 



ing a heat fpick-up" fluid through air or liquid col- 
lectors. Thes^ carry away the heat for delivery to 
other components for direct heating or for. stor- 
age. Since the operation of ttie entire system Oiwill 
be discussed later, only the design of the heat 
• transfer system involving the collector wilj be de- 
scribed here. \ 

Air Collector Systen\\n an air collector, air is 
forced through the collector b^ means of a con- 
ventional furnace-type blower. Figure 3-7 Il- 
lustrates several different types^f air collectors. 
The major differences exist in thrf design of the air 
heating space by having metal ftins, black gauze 
or glass plates which' increase\ie internal col- 
lector surface area with which the ^r makes con- 
tact and thus improves effici^ency.- ' 

Diagram A illustrates absorber-to-air channel 
heat transfer with unrestricted air flow. The 
others, with the fins, gauze, glass plates or ir- 
regular metal surface, increase the, metal-to-air 
heat transfer surface as well as create air turbul- 
ance to aid in conducting heat. Collectors of the 
styles B, C, D and E also impose greater resis- 
tance to air flow and thus requiraa more powerful 
fan capable of moving a greater number of cubic 
feet per minute (CFM) of air. 
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Fig. 3-7. Typical air collectors (cross section). 
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Fig. 3:8. Basic flow patterns for liquid collactors« 
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In an air system, ductwork requires con- 
siderable space and must be well insulatec. There 
are no fredjj||ng, corrosion, or^structure damaging 
leak problems'With air collectorfik^ ' 

Liqwd Collector System. MoVing a liquid 
through^ collector presents a number of design 
problems. The collector design must provide for 
uniform flow through the collector by the'specific 
way the tube configurations >re attached to, or 
have been manufactured as, an integral part of 
tte absorber, r 

\The serpentine design (A) in Figure 3-8*is 
easifir to construct but imposes high resistant to 
fluid flow. The^ gricj direct return (B) design has 
balancing prpblems such as \conventional 
hydronic system piping have. Valves and/or tube 
constrictions are used to equalize flow. The grid 
reverse return (C) design is probably the most el- 
ficient. In this design, the flow is evenly 
distribufed through the tubes when the pressure 
drops through the headers is less than 10 percent 
pf the drop in the tubes^ 

^ There are a number of tube designs currently 
being used in liquid tracjsferring. collector plates. 
Sortie styles of tJol lectors are used for pressurized 
systems (rated at 125 psi maximum working pres- 
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Fig. 3-9. In ^reverse return pattern, the pressure drop 
through the header must be less than 10 percent oflhe 
pressure drop through ttie tubes to provide even diStmtu- 
tion of llquifl flow. T 
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sure) while others are for low pressure and t^er- 
mosyphon systems (rated at 30 psi maximum 
working pressure). With the exception of Dia- 
^ gram I and J in Figure 3-10, the fluid travels up- 
ward as it heats. The Thomason System is -a 
trickle type with water being heated as it flows, 
exposed to the sun, down through the troughs. 

A critical problem in the manufacture of ab- 
sorber plates is that of being sure the fluid tubes 
are thoroughly (and permanently) bonded to the 
plate,(whether their p^assage way is above, within, 
or below the absorber plate. Otherwise, heat 
•transfer from pl^te-to-tubes-to.fluid becomes im- 
peded and results in lower collector ^ffjciency. 
Some* designs feature liquid paths formed as an 
integral part of the ab^sorber. 

The most critical concern wit+i liquid collec- 
tors is with the possibility of freezing. This is par- 
ticularly true when ordinary water is °used as the 
circulating fluid. If the pipes leading to and from 



the collector freeze, and if the sun heats, tha ab- 
sorber plate, the liquid trapped in the collector 
will get hot and possibly boil. As a result? the; thin 
metal tubing in the collector- may rupture. In cold 
clfmates, an antifreeze solution 9r a-^pecial heat 
transfer fluid is used to pre\ipnt freezing in 
systems that do not feature a drain-down arrange- 
ment. There wyil be more discussion on this^ later. 

Another problem with \he liquid system is 
that the flow of liquids in^e collector ac- 
celerates corrosion. Electro4y^ can occur when - 
dissimilar metals such as copper, aluminum, and 
steel are conhected together. There^^re some 
special problems in using aluminum for pipes,, 
plates, and other components. Ethylene glycol^ 
^with special inhjbitors must be used. Also, the. 
'reaction of copper and iron with aluminum causes 
corrosion of the aluminum. To counteract this cpr- 
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Fig. 3-10. Typical liquid collectors (cross section), 
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rosion, special precautions must taken \A/tiich 
are discussed in the Installation section. 

Insulation V ' 

The purpose for insulation on^the sides and 
back of th:< transfer system i$ to prevent heat 
from escaping through the franie. The insulating 
material should have low thermal conductivity, 
low bulk density, and high melting point. In- 
sulating material should also beVesistant to rot, 
weather, insects, and rodents. Varjous types of 
fiberglass and polyurethane foar 
criteria. ^. 



im . meet these 



Frame 

The. frame or bok in which *t.he transparent 
09ver(s), absorber plate,- transfer system and in- 
sulation ^are paclled must be sealed against 
weather and climate. The frame must expand and 
contract with the rise and fall o'f external and in- 
terhar temperatures. Such movement is neces- 
sary in order to maintain the necessary support 
for the internal com^nents as well as trte air- 
-tight seals between the various paj^. Thus^ 
frames may be made from galvanized steel, 
aluminum^ or fiberglass. They may be built-in (at- 
tached directly to the roof framing material on the 
buildfng) and actually become an integral part of 
the roof although this may- pose repair and 
replacement problems. Free standin^g frames, at- 
tached to and elevated atx)ve roof, are also used, 
especially where the collector frames are install- 
, . Outlet at 

■ V . - ' ; . Roof Peak 



Collector 




ecTspn an existing structure. Frances are oriented ^ 
witnothe inlet on^he eave end of (he collector and 
the outlet-up toward .the peak of the roof as jl- 
lustrated in Figure 3-11. ^ . 

HOW EFFICIENT IS A FLAT PLATE SOLAR COL^ 
LECTOR? « . 

Evaluating the efficiency of a collector is a ; 
niatter o1 determining how well the cpj^^ctor does . 
' whagt^it [sd/signed to do. From'the discussions in 
this lesson, it can be deterrhined that the efficien- 
cy of a collector is established by how much solar 
energy is transferred to the circulating fluid. That 

. ■ ■ ■ 

Btu/h Output 

Efficiency =1= , \ 

^ Btu/h Input 

Since there are many variables involved, deter- 
mining a single point rating of a collector is not atr 
tempted at,Jhe^ present time. ASHRAE Standa^^ 
93-77, details #iethods of testing solar colfectd^ 
and -establishing collector efficiency. 

Figure 3-12 Sihows a typical representation of 
a solar collector's instantaneous efficiency. Note 
that the collec\or efficiency is not a constant fac- 
tor but varies with conditions. First, if the fluid in- 
let temperature and solar intensity are constant 
but th-e. outdoor temperature decreases, the effi- 
ciency of the collector decreases. This is a result 
of gr^eater heat-loss in a colder environment. Also, 
.if the fluid temperature'ehtering the collector be- 
comes warmer, th^ collector efficiency will d^- 
:<^(^se. In other Word's, the hotter "the^colleetor 
:^g'Sts,' the lower its operating " effig^iency ^wijl. 



become. . '.^ 

u The value of the slope (rise over run) of the et- 
fi.ciency curve and the value.of the intercept 
(where curve meets vertical scale) are two vefy im- 
portant characteristics of a solar collector. These 
values are used in all basic sizing procedures to 
determine how niuch collector area is needed to 
supply a given number of Btu's. 

The slope and inter^^ept are often llstedHn a 
collector manufacturer's literature under perfbr- 
mance characteristics and the following mathe- 
, matical terms: 



c 



FR(ra )n 



equals the intercept 
equals the slope 



The value of each of these term^ can be ob-' 
tained directly from the efficiency curve whenever 
Fig. Colleclor is mounted with flow direction up fluiTTtemperatafte 'In" is used in the term (FJuid 
\^toward roof peak.^ 
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^Intercept = .65 



. 'Mnstantaneous'* Efficiency 
at Solar Noon 




4 • 



Ftuid In (F> — Ambient Air (F) 
Solar Intensity (BTUH/ft') 

Fig. 3-12. Collector efficiency at solar noon. 
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in-rAmbient air)/Solar Intensify as p'JQttea ^jq^q ♦ 
the horizontal scale in Figure 3-12.- ^ 

For a fixed-flat plate collector^ tl^^ ^^^'^iency 
becomes less as the sun moves ac^'oss t^^Q g(<y 
and the angle between\un and coil^^^or' s^^^^^ce 
decreases, as illustratedVin Figure 3-13. ;T^^js' ef- 
ficiency loss-T^sults from reduced ''^terc^p^jon 
aTKJ greater reflection. 

Most data about collector effibi^'^cies repre- 
sent performance at or near solar no^^ ^^^n th© 
sun is most nearjy over the collector. ^^^^^ ^n aH- 
day or an average collector efficiency ^'H-^^ less 
than the publishedfyalue. 

> In lieu of a standard rating, coH^^to*' 'VianU 
facturdrs should, at least, provide te^^ ''^^^Its a& 
conducted in confornfi^ce with ASl^^^E stan- 
dard 93-77. • ' ' . ' 

Transfer Fluid Flow Rates ' \' 

J There ts a practical range of liquid flow ^g^^^s 
through a so^^r collector^ Incr^sing flow ab^y^ a * 
certain value does not measurably in^^eas^ ^^^j. 
lector heat output, but circulation ra*®^ ^^'qw a ^ 
specified minimum will cause collect^'^^^^i^ut to ' 
fall off significantly. This is roughly. a^^'oS^us to"' 
water flow rates -through . hydronic t^^sebo^^^g^ 
where a minimum flow for effective t]e^{ ^''^hsfer 
is established, and a reasonably max'^um Vaiu© 
exists beyond which no real gains ^^Corrr- 
plished. Typically, fluid flow is .02 gp^ (9^lions 
per minute) per square foot of collect^^''- 

F=^or air collectors, a typical range ^^^^ 2-3 
cjibic feet per nriinute (cfjp) per squ'^r^^^Qot. ^q^^ 
>^r and liquid collectors operate at similar 
perature levels, with absorber plate teJ^f^^^'^lures 
typically at 150° F depending on the sO^^^ '"^nsi- 
. ty. . 

summaAy 

Solar collectors areithe **heart" the ^^^^^^ 
assisted heating system. The collecti^^ heat 
depends on ^fieir efficiency and the ^'^our^j 
direct and diffuse solar radiation tf^^t strji^^g 
them. Flat plate collectors are designed ^^^^ . 
manufactured for both liquid and a'** f^^^ting 

^^stems, while concentrating collector^ ^''^ ^ade 
exclu'^ively for liquids. Once the fluid 15 heate^j^ 

is transferred to the heat storage unit-^^he ^^^q( * 

topic to.be studied in Lesson Four. 



1 p.m. 



2 p.m, 



'3 p.m. 



4 p'.rfl.,' 



Time from Solar Nopn 



Fig. 3-13. Efficiency of fixed collector decreases as the 
•un "moves" across sky and the azimuth angle between 
sun and collector surface decreases. 
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HEAT STORAGE 

The sun is an unllmfted\and vanable. source 
of energy/ln North America, OThly about 14 hours 
of sunlight can^^e\6xpected in. summer and per- 
haps 8 hoars in wTm§n u^def ideal conditions. Lo- 
cal weather conditions (sunshine or clouds) will 
change the amount of solar energy actually re- 
ceived by^the collector and transferred through 
JhjB systjBm to the interior ^f the structure. 

^ With a heat supply that is both variable and 
interruptable, it is logj^c^TtS^llect solar energy 
when it is abu^idaWTis^e it as needed, and store 
any extra >iea\^r iWer use, either at night or on 
. sunless -days. In tj^ear^y days of solar heating, 
ttie practH^^e was to Install a very large storage ca- 
pacity that wasjjlanned to supply heat fof several 
days withoupstm. Today, the trend is toard a more 
modest-sjk^fage capacity. > 



)ut; 
irage 

CONCE>>TS OF HEAT STORING IV^ATERIALS 

substances^whetber they are in a solid, 
liquid, it gaseous phase (form)— are capable of 
\~^ab^orbin^heat. Any' given substance has a^spe 




Fig. 4-1. Fiberglass tank lor "low" temperature water stor 
age. Residential tieeds would be satisfied by a much 
smaller tank. . > 



cified relationship tcTwater in its ability to absorb 
heat. Water has a specific h^t oi i.o Btu per 
pound for^ach degree of Fahrenheit rise in term 
persNure. This means that a cubic foot of w^ter 
weighing '62r pounds, (or 8.34 lb/gallon) will have 

tsorbed 62 Btu's if its temperature rises l.^'F. f^or 
ample, a 2000 gallon water storage tank with 
water heated fromrgo*' to 100**F would absorb 
2000 gal x 8.34 lb/gal x 1 Btu/lb x (lOO^'F - 90"F)^ 
or 166,800 Btu's. 

Rock, such as granite, is another common 
material that can be used for heat storage. The 
specific heat of rock is about 0.^0 BtuVlb per **F. A 
Cubk foot of lightly packed two4nch rocks weighs 
about 100 pounds. Xheref9re, axubic foot of rocks 
wouUI store 20 Btu> when raised 1**F. 

These heat storage' capacity specifications, 
'for water or rock, help to explain the volumetric 
, space requirements for fluid storage mediums. In 
a one cubic foot container, five tijmes as many 
BTU's can be stored if water, rathe/r than rock,' is 
' the storage medium. The solar heating system 
that functions by warming ^ater or rock is classi- 
fied as^a sensible^ hpat $torage systenj. 

The alternative to the*sehsible heat storage 
system is the p/?ase c/ian^e storage system. An 
example of this typ^^of heat storitig practice may^ 
■ be see'h with paraffin wax. During the-day, the wax 
\ melts as it absorbs solar heat. During the'night, it 
cools and freezes as it releases heat to the air. 
pelting wax has about four times the heat absdrb- ' 
^, ing qualities as water and, theoretically, could- 
store a comparable amount of heat in Va the stor- 
age space required fo^water. 

When the storage medium undergoes a 
change of phase:,that is, changes,from a solid to a 
^ liquid and back aaain, the term "heat of fusion - 
storage is sometmnes applied. Almost any sub- 
stance can be changed from §t)lid-to-liquid-to-gas 
^ \ by the addition of heat as shown in Figure 4-2. In 
J/i^\s diagram, the solid substance is icfe. As heatis 
applied and absorbed by the ice, temperatiure is 
ratised to 32'F whereby the ice melHs. It/^sr^orbs 
144 Btu's for each pound of^meltingic^. Further 
heating increases the'temperature o/ the lic|uid 
from 32*^ to/2l2"F. At 212*'F, a sel^ond phase 
change occurs as the water turns to s'leam^ab- - 
sorbing 970 Btu's per pound in the process. If the 
process were reversed, the same'number of Btu's 
would have to be remove'd as the steam changes 
to water and then to ice. 

With certain waxes and salts, however, the 
solid-tO'liquid heat of fusion can be made to occur 
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at more elevated temperatures, between* and 
120^F. Therefor^ a larger arpount pj.^heat 
associated with phase thange is gained ol lost at 
a temperature suita,ble for direct use in space 
heating. 

Phase change materials have some dised- 
vantages. Substamces such as waxes and salts 
are quite expensive at the present time. Also/ 
many must be replaced regularly because of 
lemicardecomposition. In addition, the'design 
of phase change containers is complicated by tfre- 
neecf for a large heat transfer surface. Hence, 
much of the space sjaving feature of u^ing a phase 
change material is lost because the container 
must be enlarged for practical considerations. 

The question of what storage medium to 
utilize is based on (1) the ability of a substance to. 
accept heat, (2) the cost of the amount required . 
for a given heat demand, and (3) the availability of 
the material. With \h\s information in mind, the re- 
mainder of the lessons in this course will be 



steam .4§ BTU 
Per Lb. (Approx.) 



limited to sensible heat storage pcactfces using, 
water and rocks. 

V 

CONCEPTS OF HEAT STORAGE SIZING 

l.n the first section of this lesson, the nature 
of different heat storage materials was discussed. 
The purpose o'f that information was to provide an 
awareness of some of the possible mediums to 
use for storing heat. In this section the essential 
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ig. 4-2. Phase change from solid to liquid \q gas. 
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Fig. 4-3. Phase change storage unit. Plastic mat heat 
exchanger sits in container filled with an inorganic salt 
hydrate. * 
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considerations of sizing air and liquid^torage 
units will be explained as a pre'view for further 
discussion in Lesson Six. 

. Solutions to the problem' of adequate heat 
storage relate to both the building's heat loss or 
"energy demand'/ and the amount of energy that 
the collectors can provide. In other wo7ds, the 
volume of space for storage deperTCte on the size 
of the building and the size of the collectors. - 
/ Collectoj sizing wiil be treated in another.les- 
son. At this point, merely appreciate the fact that, 
in the normal design process, the collector area! 
required would be finalized •'fi^rst and storage 
selected would be based on collector output.. 

The interdependence of storage. size upon 
collectonsize is illustrated In figure 4-4. Time of 
'day is represented on the horizontal scale and 
en^ergyln Btu's^per hour is provided in the vertical 
scale. The top horizontal line represents jhe heat 
loss of a building as might be calculated using 
NESCA's Manual J or SMACNA's Load Calcula- 
tion Guide/The wavy horizontal line indicates the 
actual hourly heat loss for the hypothetical 
building on a particular day when the outdoor con- 
-ditions were much milder than the design day. 
From just before 9 a.m. and just after 3 p.m., there 
are two curves for the amount of solar energy col- 
^ lecteb by two different sizes of collector arrays. 
The shaded area indicates .the amount of energy 
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Fig. 4-4. SoJar energy a va^ability, and needs: 



used to heat the house between^ a: m. and 3 p.m. 
The net amount of collebfed energy available for 
storage is tt« clear area above the shaded region. 
The smaller\:oWector obviously has less excess 
energy available for^torage than the larger collec 
tor. This factor is always true, regardless of the 
size of the storage unit that is installed. In^other 
words, a storage unit can be too big. 

Figure 4-4 illustrates only one operating 
mode. There are other possibilities. On a very mild 
day, all the energy collected could go to storage 
and, conversely, on a near design day, there. may- 
be no exgess collectable energy for storage. 

A storage capacity that is too large could 
also affect the temperature of the storage me- 
dium, such as the water in a tank. There is a 




f^ig. 4-5. Small^nsulated water storage tank. Note ther- 
mometer in immersion well, pumps left and right sides 
and partially insulated piping. 
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minirtium supply water Jemperature for effective 
heating with a fan coil, panel, or baseboard unit/ 
An excessively large storage tank nnay take dgys. 
to be heated to a useful tennperature if the collec- 
tor.to storage capacities are extrenne (snnall col- 
lector, large tank). . 

Conversely, a storage unit that is too snnall 
nr:iay become overheated and the operating tenn- 
perature in the collector nnay be excessive. This 
would decrease the collector's efficiency. 

Figure 4-6 represents a trend curve noting the 
elfect of storage size on the conlri-bution of solar 
heat to the total heat suppljed to a building. With / 
no storage, a solar.syste'm would, perhaps, con- 
tribute no mbre thiin 40% of the heating needs 
(assuming a fixed size of collector). The impact of 
providing a very large storage capacity would not 
significantly increase the percent contribution 
much above 80%, which could be achieved,,by a 
moderately sized storage unit. Cost consideration 
is still another factor that can- lirhit the size of 
storagei^provided. Doubling the cost of the storage 
facility to garn two or three percent more solar 
contribution is not generally considered to.be 
worthwhile. , 

What is a reasonable, moderate storage ca- 
pacity for residential type solar heating installa- . 
tions? Designers do not all agree! But generally^ 
storage of from one to two gallons of water per 
square foot of installed collector has been suc- 
cessful.' For rock storage, from one-half to one 
cubic foot of rocks per sq. ft. of collector is quite 
effective. Proprietary solar assisted heat pump 
applications may require slightly different storage 
ratios, and the manufacturer must be-coji^ulted 
regarding these. ' v 
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rt>g. 4-6.: Eflect of storage size on heat contributed by 
sojar. energy. 



The other side of the collector storage pro-" 
blem is— as was mentioned— the thermal size of 
the building. 

_To size conventional heating equipment, a 
design heat loss calculation is made. This is bas- 
ed on local design outdoor conditions and recom- 
mended indoor design temperature. The outdoor 
design temperature in a given locality is not the 
lowest ever recorded temperature but,^ rather, a 
somewhat higher temperature based on frequen- 
cy of occuranci. For example, Figure A-7 .Il- 
lustrates a section of the ASHRAE Table of 
climatic data for the United States and Canada^ (A 
full listing is included in the SMACNA Installation 
Standards). Note that three outdoor temperatures 
are listed for each city— median of extremes, 99% 
and 97V2%. Median valtie is^the middle value of 
the coldest temperature recorded each year for 30 
years. The 99 and 9772 percent temperatures in- 
'dicate the lowest temperature likely to occur for 
either 99* or 9772 percent of the total* winter 
operating hours for Deceniber, January and 
February. In other words, out of 2160 hdurs in 
those three months, the' temperature might fall 
below the listed value for each city for 21.6 hours 
for 99 percent and 543 hours for 9772 percent col- 
umns. ^ 

Since a design heat loss calculation is an 
estimate of the maximum^'or near maximum load 
of a structure in terms of Btu's 0er hour, it cannot 
be used to estimate the overnight, daily or mon- 
thly Btu requirements of the building. For exam- 
ple, a house with a design heat losspf 50,000 Btu 
will not require 50,000 x 24 hours or 1,200,000 
Btu's per day unless the outdoor temperature for 
that particular day was at the design value for 24 
hours. Since outdoor, temperature is usually a 
variable through the day, a mean (average) daily 
temperature must be used to estimate daily Btu 
requirements. 

Mean daily temperature is V2 the sum of the 
maximum and minimum temperature for a 
specific day, see Figure 4-8. For example, assume 
that in a 24 hour period, the outdoor temperature 
ranged from a high of 40*'F to a 'ow of 18^F. The 
mean daily temperature would be 40 -h 18 divided 
by 2, or 24°F., The estimated daily Btu re-" 
quirements are as follows: . 

design heat loss x Mean daily x 24 hrs. 

design temperature temperature 
difference difference 

daily Btu 
requirements 



If' the Indoor temperature is 70*^ F, and the out- 
door design temperature is O^'F, then using a 
50,000 Btu house, the formula is: 

5 0,000 X (70 - 24) X 24 = 788,571 Btu's per day 
(70-0) 



As is generally acknowledged, almost any 
building has inte;nal heal released' from lights, 
.cooking, and other activities, there Is also some 
solar heat gain directly through windows. In an ef- 
fort to account for this heat contribution, and to 
more precisely estimate what actual Btu's the 



Climatic Conditions 



CoL 1 
Stats and Station'* 



NORTH DAKOTA 
Bismarck AP 
Devirs Lake 
Dlckinsdn AP 
Fargo AP 
Grank Forks AP 
Jamestown AP 
Minot AP ^ 
Williston 

OHIO, 
Akron/Canton AP 
Ashtabula 
Athens 

Bowling Green 
Cambridge - 
ChMlicothe 
Cincinnati CO 
Cleveland AP . 
' Columbus AP 
Dayton AP 
Defiance 
Findlay AP . 



Coh 2 

Latitudf 



46 
46 
46 
46 
46 
47 
46 
46 

41 
42 
39 
41 
40 
39 
39 
41 
40 
39 
41 
41 



5 
1 
5 
5 
0 
0 
2 
1 

0 
0 
2 
3 
0 
2 
1 
2 
0 
5 
2 
0 



Col. 3 
Elov,4 



1647 
1471 
2595 
900 
632 
1492 
1713 
1677 

1210 
690 
700 
675 
600 
636 
7^1 
777r 
612 
997 
700 , 
797 



Winter 



Col. 4 



Alodion of 

AnniMl 
Citromos 



-31 
-30 
-31 
-26 
-30 
-29 
-31 
-26 

-5 

- 3 

- 3 

- 7 

- 6 

- 1 
2 

■ 2 
1 
2 
7 
6 



M% 



-24 
-23 
-23 
-22 
-26 
-22 
-24 
-21 

1 
3 
3 
- 1 
0 
5 
6 
2 
2 
0 
1 
0 



•7W% 



-19 
-19 
-19 
-17 
-23 
-16 
-20 
-17 

6 
7 
7 
3 
4 
9 
12 
7 
7 
6 

. 1 
4 



Col. 5 
Colncl- 

donl 
Velocity 
Wind 



VL 

M 

L 

L 

L 

L 

M 

M 

M 

M 

M 

M 

M 

M 

L 

M 

M 

M 

M 

M 



Fig. 4.7. Climatic coitions for North Dakota and Ohio from 8MACNA ttandarda. 
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8 .10 Noon 2 P.M. 4 
Outdoor Temperature Variations 



6 8 



10 Mid. 



. fe'lialf" ftlfVum'of 'Jhl*'""' {•'"P»"""'» «"clM«lloni lhroughoul the day. Mean daily l.mp.r.iar. 
ie half the sum of the maximum and minimum temperature for a •peclfie 24 hour period. 
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heating system must supply, the mean daily 
temperature difference' is usually adjusted by 
, changing the indoor temperature from 70** F to 
65**F. Thus, the formula would be: 

50,000 x(65-24) x 24 = 702,857 Btu's per, 

' (ToToT \ ' 

The value (65-24) is commonly called Degree 
Days Monthly and yearly Degree Days have been, 
published for many years for given cities. A sam- 
'pie tabulation is shown in Figure 4-9. (Full listing 
is provided in the SMACNA Installation Stan- 
d.ards.) 

If, for example, the hypothetical building was 
located in Dayton, Ohio, which has 5622 annual 
degree days, the estimated annual energy re- 
'quirements would be: 

50,000 X 5622 X 24 = 96,377,1 4b Btu's per 

. season 

(70-0) 

If an estimate is made of the January energy re- 
quirement for the building, use the January, 
degree days for Dayton which are 1097. The 
estimated January load would be: 

50,000 X.1097 X 24 = 18,805,714 Btu's for^ 

' January 

(70'Q) 

As a^irst approximation, it is also possible to 
divide the January total by 31 days to arrive at a 
"typical" day's energy need in January. Thus: 
18,805,714- 



If ttie solar collectors operate for 8 hours, 
then 16/24 of the all day load would be approx- 
imately the Btu requirement need6"d from^storage 
— provided a full 16 hour storage requirement was 
expected. Thus: 



X 606,636 ^ 404,424 Btu's overnight load 



16 
24 

These numbers are approximations. In fact, 
the degree day concept itself for annual analysis 
has come jjjnder criticism , because it was 
developed.in the 1930's. Modern construction has 
apparently altered the 65'F base. Some.designers 
^pply corrections to the degree days to compeh- 
sate for modern construction. Table '1 lists cur- 
rently Used corrections. For our example, Dayton 
has a O^F design temperature, the correction 
would be 0.71. Hence, , 

404,424 x 0.71 = 287,140 Btu*s overnight load^ 

and the amount of energy the collectors mus'i sup- 
ply in excess of thi previoQs day's needs. How 
much storage would be required to satisfy the 
estimated overnight load? 

If water was used and a 30' F rise in storage 
temperature occurs, then: 



31 



= 606,636 Btu's per January day 



Average Monthly and Yearly Degree Days ^ 



Sitit 



Stttton 



New York (Kennedy) A 

Rochester A 

Schenectady C 

Syracuse _A 

N.C. Asheville C 
Cape Hatteras 

Charlotte A 

Greenboro A 

Raleigh ^ A 

Wilmington A 

Winston-Salem A 

jsl.D. Bismarck A 

. . Devils Lake C 

Fargo A 

Wilfiston A 

Ohio Akron-Canton A 

Cincinnati C 

Cleveland A 

Columbus A 

Columbus , C 

■ Dayton A 

Mansfield A 

Sandusky C 

Toledo A 

Youngstown A 



Avg. 
Winter 
Ttmp.' 



41.4 
35.4 
35.4 
35.2 
46.7 
53.3 
50.4 
47.5 
49.4 
54.6 
48.4 

26.6 
22.4 
24.8 
25.2 

38.1 
45.1 

37,2 
39.7 
41.5 
39.8 
36.9 
39.1 
36.4 
36.8 



0 
9 
0 
6 
0 
0 
0 
0 
0 
0 
0 

34 
40 
28 
31 

0 
0 
9 
0 
0 
0 
9 
0 
0 
6 



Aug. 



0 
31 
22 

-.28 
0. 
0 
0 
0 
0 
0 

28 
53 
37 
43 

9 
0 
25 
6 
0 

6 , 
22 

.f 

19 



Sept. 



36 
126 
123 
132 
48 
0 
6 
33 
21. 

0^ 
21 

222 
273 
219 
261 

96 
39 

105 
84 
57 
78 

114 
66 

117 

120 



Oct. 



248 

.4: 
4'15 
245 

78 
124 
192 
164 

74 
171 

577 
642 
574 
601 

381 
208 
384 
347 
285 

3ia 

397 
313 
406 
412 



564 
747 
756 
744 
555 
273 
438 
513 
450 
291 
483 

1083 
1191 
1107 
1122 

726 
558 
738 
714 
651 
696 
768 
684 
792 
771 



Dec. 



93 a 

.1125 
1159 
1153 
775 
521 
691 
778 
716 
521 
747 

1463 
1634 
1569 
1513 

1070 
862 
1088 
1039 
977 
1045 
1110 
1032 
1138' 
1104 



1029 
1234 
1283 
1271 
784 
580 
691 
784 
725 
546 
753 

1708 
1872 
1789 
1758 

1138 
915 
1159 
1088 
1032 
1097 
1169 
1107 
1200 
1169 



935 
1123 
1131 
1140 
683 
518 
582 
672 
616 
462 
652 

1442 
1579 
1520 
,1473 

1016 
790 

1047* 
949 
"902 
955 

1042 
991 

1056 

1047 



Mar. 



815 
1014 
970 
1004 
592 
440 
481 
552 
487 
367 
524 

1203 
1345 
1262 
1262 

871 
642 
918 
809 
760 
809 
924 
868 
924 
921 



Apr. 



480 
597 
543 
570 
273 
177 
156 
234 
180 
96 
207 

645 
753 
69a 
681 

489 
294 
552 
426 
396 
429 
543 
495 
543 
540 



May 



167 
279 
211 
248 
87 
25 
22 
47 
34 
0 
37 

329 
381 
332 
357 

202 
96 
260 
171 
136 
167 
245. 
198 
242 
248 



12 
48 
30 
45 
0 
0 

0- 

0 
0 
0 
0 

117 
138 
99 
141 

39 
6 
66 
27 
15 
30 
60 
• 36 
60 
60 



Yearly 
Total 



5219 

6748 

6650 

6756 

4042 

2612 

3191 

3805 • 

3393 

2347 

3595 

8851 
9901 
9226 
9243 

60 J/ 

4410 
6351 
5660 
521 I 
562? 
6403 
5796 
6494 
6417 



Fig. 4-9 Degree days from SMACNA standards. 
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287,140 = 8.;34 lb/gal x 1 x 30"F x gallons 
or gallons = 287,140 



= 1148 gallons 

8.34 X 1 X 30 

If rock storage l^required and a 70*'F rise in 
storage temperature occurs; then: 

287^140 = 20 Btu/cu ft F x 70"F x cubic foot 

or cu ft = 287,140 = 205 c.u. ft. of rocks 

20 X 70 

As desoribed.ln a later lesson, It may, not be eco- 
nomical to provide complete overnight storage. At 
this point, however, one should have an "under- 
standing of the calculations required to deter- 
mine building needs and. storage capacity. 

PLACEMENT 6F HEAT STORAGE UNITS 

Sol^r heat storage units may be placed either 
inside or outside the building they are serving. 
They can be located either below grade or above 
> grade. ThVrationale for a storage unit location is 
that it be placed in a /oi^ value area of the struc- 
ture or building site. ^ 

Units placed below grade inside the bilHding 
could be in a basement o^crav^l spacrftiis area 
would ba close to most oHhe other#8^ponents 
. in the heating system. It would bepro^cted from 
moisture and cold. Any excessive radiafion ener- 
gy coming in and/or heat loss radiating from the 
, storage^ontainer could be directed into the 
heated space as needed, or it could be vented to 
the outside through a duct, system.' 
. . A low value space should also besought 
when placing the heat storage unit above grade 
inside the structure such as a small room or attic. 
Because of the weight of the container and the 
stokage media (pebbles or water), extensi\/e foun- 
dation reinforcement would be necessary. In one 
case, to serve the needs of a thermosyphon sys- 
tem used primarilj^to service. Household require- 
ments for domestic hot water, the heat storage 
tank must be about tvyoWteet above the coriector. 
That would mean using an inconvenient, but low 
value, attic in5tallation. - ^ 

Units pjaced outside and above ground 
would be exposed to whatever minimum temper- 
ature that would be reached in a given geographi- 
cal location. They would also create a problem 
aesthetically. 

Units placed outside and below ground pose 
some problems also. They would need to be 
bu/ied below the frostline so that they would not 
be affected by pressure from frozen soil. Water or 
air leaks would be difficult to looate/ Digging may 



be required before servicing unless the container 
was in some sort of a p^it. In this case, an access 
Qover would provide a way in to the storage unit. 

;There are problems of^storage unit place- 
ment associated with each , type of solar heating 
system. Not only is this true for the architects and 
* contractors when constructing new facilities but, 
in addition, inconvenient when existing buildings 
are retrofitted with solar hea\. Some previously 
used living areas must be converted to non-usable 
space to accommodate heating system compo- 
nents. 



ADVANTAGES AND DISADVANTAGES FOR 
STORING HEATED LIQUIDS 

' ^ There are advantages and disadvantages to 
each and every type of solar heating system, 
regardless of the type of fluid (liquid or air) for 
which the system was designed. Advantages are 
that: (1) watgU5^alre!a,tjve^ abundant and inex- 
pensive rriedium, (2) water absorbs and emits heat 
' readily, and (3) spa©e requirements for water 
storage unit placement is the least for any of the 
common heat storage medii^ms used presently. 

However, there are some disadvantages.' Firh^ 
the system must be insulated against freezing.-jlt 
may be too costly to use antifreeze for alt the 
water in storage). Second, boiling may occur in the 
collector, and a ventils^tng valve may have to be 
^ installed to remove steam pressure if overheating 
occul-s. Third, circulating the water throughout 
the^system would requi* a pump and the system 
• would be vulnerable to leakage. This would create 
the need 'fgr periodic inspections,, trouble- 
shooting, and'mainten^nce. A fourth .problem Is 
that components made of aluminum, copper or 
brass, and iron which are threaded or joined 
directly to each other will cause an electrolytic ac- 
tion. Such action wirrform -initially at the connec- 
tion, spread through the/components, and reduce 
the flow rate by constricting the pipe diameter as 
^ illustrated in Figure 4-10\ 

Over a long period of time, corrosion can 
cause total erosion of pipe or fitting, and a leak' 
will occur. As a result, pressure in the system 
would drop, antifreeze and inhibitors would be 
lost, and the system would stop functioning. 

The rate of corrosion can be affectec] in two 
ways: (1) by the amount and type of minerals in 
the liquid, and (2) by the temperature of the fluid, 
since heat incre^es the rate of corrosion. One 
form of qontrolling corrosion is to add a corrosicln 
inhibitor into the systemTAnother procedure is^o 
use lengths of plastic pipe or dielectric unions 
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with plastic bushings between the'incompatible 
metal components. 

A fifth problem for a liquid^storage system is 
^accessability. Buried or enclosed storage tanks' 
\nd/or pipes would be difficult to inspect for 
leakage. If a.pipe or tank froze and ruptured, or if 
chemical corrosion caused a failure in the sys-C^ 
tem, rep'^airs could be extensive. This aspect ap- 
plies not only to the replacement of various com- 
ponents of the solar heating system, but also to 
the possible need to redecorate walla, ceiling, or 
floors where damage may occurred. 

WATER TANK MATERIALS 

There are s^ev ral different materials com- 
rhonly used for liquid storage'systems. Gpncrete, 
steel, fiberglass, and butyl-lined concrete block 
are four of the materials frequently used. Selec- 
tion should be made based on the required capa- 
city and location of the storage unit. Figure 4-11 
represents a typical tank installation. 
Concrete Tanks 

Concrete tanks are probably the most 
durable. These units cannot corrode or be punc- ^ 
tured A waterproof sealer on the inside surface or 
a waterproof liner will free the container from 
possible seepage problems. Another engineering 
problem to contend with is the weight and size of 
the tank to be installed. A crane or other heavy 
equipment is needed when the tank is set in' 
place. This is particularly difficult when placing a 
tank in the basement of an existing structure. 
Watertight pipe connections are also difficult to 
achieve without using a high quality caulking 
compound such as silicone. 



Fiberglass Tanks 

A fiberglass tank' 



specially designed for use 



Brass Valve Galvanized Pipe Copper Fitting 

Fig. 4-10. Electrolytic cprrosion. 



With high temperature liqukjs is probably the 
most advisable system for water storage.^he 
tank must be of a qugility for protection against 
rupturing at a high temperature, such as the 
212*F boiling point of vyater. Tanks used for 
gasoline storage may^ not meet this requirement. 
Care must be taken to determine safe pressure 
acjd temperature limits for the tanks. The tanks 
mbst be well insulated after they are installed, 
and must be checked for leakst if the solar heating 
system is to operate satisfactorily. 

GlasS'Lined or Galvanized Steel Tanks 

Glass-lined or galvanized tanks have been 
found extremely, serviceable fo^many years. Gal- 
vanized tanks, however, may become corroded 
and inserviceable before those which are glass- 
rme(J The glass-lined tanks may have their ex- 
pected years of usage shortened by careless in- 
stallation. Excessive pressure in securing con- 
nections can crack or break the inflexible glass 
and allow more rapid deterioration. It may be ad- 
vantageous to use several smaller tanks because 
they require less floor space in a basement and in 
a retrofit, smaller tanks mai^ be installed more 



readily. 



Port for Water Return and Vent 



Water Return Line 




Thermistor Sensor 
Insulation 




' Water Supp 
Line to Purr 
Action 



/ 



•Water Level 



Support (Bricks or Blocks) 



Seal all Edges with. Mastic to Keep 
Moisture Out of Insulation 



I I ^ 

' ^ ' Grour 

Foundation as Per Co< 

Space for insulation . 



Fig. 4-11. Typical above ground liquid storage tank instal- 
lation. 
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ADVANTAGES AND DISADVANTAGES OF 
PEBBLE-BED HEAT STORAGE UNITS 

Heat storage units for air-circulating solar 
heating systems are called piebble-b(ids. They 
cpntain a large volume of pebbles (granite or 
other clean crushed rocl^ about Va to Vh inches in 
diameter). During the heat circulating cycle, air is 
forced through the inlet; then it filters through the 
pebbles and into ducts, where it is transferred to 
the space to be heated. When the rocks need to 
be^charged with heat, the air movement is re- 
veled and hot air is drawn in through 'the outlet 
^and heats the pebbjes. A.four foot deef) bed of 
pebbles is considered the maximum for a mini- 
mum air pressure drop between the irrlet and 
outlet. ' • 

Pebble-bed containers have been found very 
efficient. They are considered by many to be bet- 
ter than the water and/or phase change systems. 
They are simple to construct by either (1) laying ^ 
cement blocks and filling the holes witti concrete; 
(2) pouring concrete into a form; or <3). fabricating 
them' from wall stud material, plywood, 'and insu- 
lation. The pebbles shoulqj be hand, shoveled or 
chuted into the unit to insure even distribution 
and reduce packing or side wall streSs. For exam- 
ple, a cylinder three feet by eighteen feet holds 
about 12,000 pounds of carefully sized iwet^ 
rock. ^ 

They have a high level of thermal Ratifica- 
tion. Heat Inside the container exists in^layers. 
When the pebble bed is being charged with 



Air in 
(ctrarging) 



Air to 
Collectors 




Thermal Stratification 



Fig. 4^2. Temperature "layers" in pebble bed storage. 
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, heated air from the collectors, most of the heat is 
transferred to, the rocks witHin a few feet of the 
bed and the air leaving the bottom of the storage 
bin is essentially at 70* F. A representative 
temperature profile in a storage bin is shown "in 
. Figdre 4-12. This profile Qbviouqiy changes with 
the length of the charging' time. ' 

When flow is relit^rsed to extract heat from 
storage, the hot end of the bin heats the leaving 
air to within a few degrees of the actual rock tem- 
perature for effective utilization of stored energy. 

Cubicpebble-beds (Figure 4-13) are preferred 
because fieat has a natural tendency to rise. This 
style of'iJnit is normally about five feet high. Due 
to the vyeight pf the container and its contents, 
these units must have rathfer extensive founda- 
tions so that the force of the weight will not cause 
the unit to cr,ack. If a space three feet high is the 
maximum available (in a crawl space, for ex- 
ample), Wen a box using a horizontal air flow as 
sho\H/n i^Figure 4-14 is adequate. . 

SUMMARY ~ 

^^~Lessons Three arid^our have presented the 
two main components of the primary circuit in a 
solar heating system. The collector, regardless of 
the type (liquid or air), functions by collecting the 




Bond Beam Block 



Round Pebbles. 

Wire Screen^ 
Rigid Insulatioa 

Fig. 4-13. Jbube type pebble-bed storage. 
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solar ri&diation from \he sun. A liquid or air is cir- 
culatecRhrough the collector and absorbs heat 
energy which is tra^nsferred to the storage unit. 
The heat is stored until neeCed. When heat energy 
is needed, it is distributed throughout the space 
to be heated by a control system to be discussed 
in Lesson Five. 




CONTROL DEVICES 
AND SPECIALTY ITEIVT^ 



In addition to the major items discussed in 
the previous lessons, there are a number of 
smaller but equally important cortiponents in a 
solar hearing system. This lesson vyill be concern- 
ed wi'th pumps, fans, and heat exchahgers, and 
; wl^he identification of the pontrol devices and 
hyWronjp specialty items ^needed to. operate a 
solar system safely and automatically. 

Liquid System Pumps 

Fluid movement is caused by electrically 
. operated centrifugal pumps in a liquid-circulating 
closed or open loop system/ Specifications for 
liquid-circulating pumps are based on the gallons 
jper minute (gpm) to'be circulated and th-e horse- 
power rating of the motor. The typical pump is of 
the type shown in Figure 5-1. 

Pumps are placed in series within the collec- 
tor roop. They must be capable of circulating the 
» properly prescribed flow rate in gallons per 
minute through the collector to maximize the effi- 
. ciency in collecting energy. Whef{ operating, the 
pump's head pressure (which is also called dis^ 
charge pressure) must be sufficient to provide the 
proper flow to overcome resistance in the piping 
as illustrated in Figure 5-2. This resist anc^to flo 
is caused by the friction of the liquid asT^aSes 
through the collector, piping, pipe fittings and 
various components. 

F<gure 5-2 shows the relationship between 
pump^ pressure and pump capacity in gallons per 
minute for both a 'large" and ;^smair' pump. Note 
that, pressure is given in terni's of feet of water. 
0t9 fuot of >A/a'ter is equal to 0.43 psi (pounds per 
sqjciff} \nch). In manufacturer's literature, the 
Dros iurt?. drop (resistances for various com- 




Fig. 5-1. Typical circulating pump. 



jDonents, collectors, coils, v^ves, piping, etc., will 
be given in either psi or feeVof water. The impor- 
tarrt characteristic shown in the figure is that 
pump capac|ty: decreases as^ the resistance or 
head againstlwhich the punap must operate in-' 
creases. (Conripare 22 gpm at 6 feet head vs^only' 
12 gpm' at 10 feet.) The resistance or pressure 
drop- imposed by the piping, fittings, and other 
c£>niponents must be determined before a pump 
can \0 chosen that will ddliver the proper gpm at • 
the estimated operating head pressure. 
^. Collector loops vary in configuration, but in 
terms of pumping requirements, they are either a 
closed loop filled with'a nonfreezing liquid (an- 
tifreeze) or simply a loop that completely cJrains 
down plain vvater each time the pump completes 
ap operating cycle. If the loop remains filled with 
liquid at all times^ then pump .pressure require-^ 
ments are minimal. Only suificient pressure to 
overcome flow resistance is necessary, since the 
supply lift (elevation) to the collectors is "counter 
balanced" by a return drop. Inlhe case of a drain 
down arrangement, the pump must lift the liqtfid 
to the top of the collectors at pump start-up and 
must overcome flow resistance once the loop is 
recharged (filled). Therefore, a circuTt using drain^ 
^^^^jkr^n for freeze protection will usually require a 
larger pump and consyme more energy while 
pumping than a closed antifreeze filled loop'. 
Thus^, it,is generally less cost effective. ^ 



r 




12 . .^2 

Rate of Flow in gpm' 

Fig. 5-2. Pump cha/acteristics. 



5-1 



ERIC 



SO 



F^ymps used in collector iQops nnust.be abie 
to vyithstand both high pressure (to 150 psi) and 
.high temperature (200*'F. or even higher) and can 
be marjufactured of a variety of materials. Gen- 
erally, the construction materiaTspecified refers 
only to the parts that come in contact with the li- 
quid being pumped. Thus, a bronze-fitted purnp 
would have a bronze* impeller, shafft^leeve, and 
wear rings. All-bronze, all-iron and all-stainless 
steel construction are <ilsp available. Manufac- 
turers usually state uses for their ^tarious pumps, 
but in most cases, pumps used to pump water in 
systems open to X\}e atmosphere (tlrain-down 
systems) must be bronze or stainless to.minimiz6 
tWb corrosive ^effects of high oxygen content 
water. In closed loops, an iron pump is usually 
adequate. ^ *• 

Two speed pumps may.be used in the collec- ^ 
tor lod^. They can regulate the liquid temperature- 
rise in the collectonto optimize collator efficien- 
cy. When the solar radiation is hjgh, 'the pump 
would trartsfer heat rapidly on the high speed set- 
ting. During timj^s of low insolution, the slow 
speed would bff|nore effective .in circulating the 
heat energy. Jl 

Liquid System IHeat Exchanger 

One integral component of the liquid system 
collector loop is the heat exchanger. It will be 
identified in this section and explained in greater 
detail in a later lesson. A shell and tube heat ex- 
changer is the most common type manufactured 
at this time. 

• ■ . The typical shell and tube heat exchanger is 
a heavily insulated tank containingya liquid heat 
transfer medium , (water) and interfeaMpiping. A 
Ideated liquid coptaining antifreeze, transferred 
from the collector, is.usually circulated through 
the shell. Water is circulated through the piping of 
the heat exchanger and is piped to'the domestic 
hot water or auxiliary heating unit. 

The purpose of this compof?ent is to. reduce , 
the quantity of antifreeze that would be needed if 
transfer fluids were exposet^l to outside temper- 
atures while circujating through the flat plate.col- 
lector mounted on' the roof. By using a heat ex- 
changer, only a smajl portion of the total number 
of gallons of water needed to transfej^and store 
heiat energy would have to be protected from 
freezing the fluid in the collector loop. A con- 
siderable amount of morfey can be saved in this 
manner. Figure 5-3 illustrates the function of the 
heat exchanger. 

The shell of the heat exchanger contains the 
heat transfer mediunn (anfifreeze) and circulates 



the collector-heated liquid around the piping in- 
side the exchanger. The piping becomes hpt. The 
heated pipe heats the water to provide hot water 
for space heating or storage. , 

Air System Blowers V 

In an all-air system, centrifugal blowers are 
used to circulate air through the collectors, heat 
storage unit, or directly to the conditioned 
spaces. Conventional v^nn air heating blowers 
can be used, since 'Operating temperatures are 
e^entially the same as found in. conventional 
warfri air systems. However, 'the system's 
operating pressur^Ljnay be hjgher because of in- 
creased airflow resistance. (See^Fiaure ^4) 

In any discussion of fans,/itjs always 
necessary to refer to three aspect|ot^pres6ure— 
static^ velocity, and total. So that thCTe^ill be no 
doubt as to the meaning of these terms, these im- 
portant parameters shall be defined. 

Static Pressure (SP) is the pressure ips^de a 
'container, for example, an inflated balloon or tire. 
It has no relationship to air motion, but it can exist 
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inside a duct where there is air motion. If the 
static pressure Inside a closed container is below 
atmospheric pressure, the container will tend to 
collapse. If it above atmospheric, the container 
wi^l tend to burst. 

Velocity Pressure. (VP) is the pressure re- 
quired to accelerate air from a state of rest to the 
; velocity observed. Velocity prefssure varies as the 
square of the air velocity, hence mathematically: 

VP = KV2 

where 

VP = velocity pressure 
.V = air velocity 
K = a constant to account for 

dimen§ional units and gravity. * 

Normally, velocity pressure is measured in inches 
water gauge (WG), although feet WG, Inches HG 
(mercury), or psi (pounds per square inch) all 
would be equally possible and valid.' 




Direct Drive Blower , , 
Fig. 5«4. Two models of centrifugal blowers. 



Total Pressure. (TP) is the sum of the static 
and velocity pressures. Thus: - 

TP = SP -f VP 

where 

, TP = total pressure, in.-WG 
^ SP = static pressure, in. WG 

VP = velocity pressure. In.- WG ' 

' For low pressure duct systems, static 
pressure Is usually specified for design purposes, 
since velocity pressure Is a small value kndxan 
usually be ignored. /^Il-air-solar^heating 4^stems 
are usually designed using Jow pressure duct 
systems. 

J^igureN5-5 shows a fan performance curve 
plotting air/delivery capacity in cubic feet per 
minute (cfm) veps.us static pressure in inches of 
water. As indicated earlier for pumps, the fan 
curve indicates a decrease iry capacity as the 
operating pressure increasesJA second curve, 
which is called the duct system resistance curve- 
Is also shown. This' curve is determined by 
^^^estimating the pressure Iqss within the ductwork, 
frttings, dampers,^ collectors, and other com- 
ponents. The ^oint where th^ system curve 
crosses the fan curve is .termed the ^operating 
point 'for the fah. It is at this pressure and cfm that 
the fan will function with optimum effl<5iency. 

All fan characteristic curves follov9 the basic 
relationships given below, and all changes occur 
simultaneously with a change in fan speed. 

(1) the air.delivery varies directly with speed. 
Thus ^ 

new CFM = (old CFM)(|hew RPM/old RPM) 

\ ■ . 

I 
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Cubic Feet Per Minule 
Fig, 5-5. Blower performance curve. 



(2) The resistance pressure varies as the 
scjuare'of the speed ratio. Hence, 

new SP = (old SP)(new RRM/old T\PM)^ 

(3) The brake horsepowefs/aries as the cu,be 
of t-he speed ratio, .and . therefore, 

neCv BHP = (old BHP)(new RPM/old RPM)^ 

For example, a fan operating af 600 rpm, 
delivering 10'00 cfm at 0.25 in. external -static 
pressure and requiring a brake horsepower (BHP) 
of O.Ofe, would have the following characteristics if 
the fan S|^ed was increased to 1200 RPM: . 

newGFM ^= 1000 0200/600)^ = 2000 
new.SP = 0.25 (1200/600)^ = 1.0 
new BHP = 0.06 (1200/600)^ = 0.48 

The proper application of a fan to 5^systenn 
requires not only the basic information alDoutfans 
but, aisQ, knowledge of the system and the prin- 
ciples of fan-system balance. 

Zhe resistance. pressure of any duet, system 
can be calculated tor any gfven ,flow rate. [S'tan- 
dard references, such as the ASHRAE .Handbook, 
give complete details on recommended pro- 
cedures. It is necessary 'to determine the re-^ 
sistance at only one flow rate, since other points 
on the system resistance curve can be calculated 
^rom the approximate relationship^ that the resis- 
tance pressure (R) varies as the square of the flow 
rate. Thus, mathematically: ^ ^ 

new R = old R (new CRM/old CFM)2 

If, for example, the calculated resistance of a 
duct systeift was 0.6 in. VVG at 1000 cfm, then at 
2000 cfm the new resistance would be calculated 

as: • . ■ ' 




new R = 0.6 (2000/1000)" 



2 = 2.4 in. WG 

Because the resistance prefesuVe character- 
istic line for a fan decreases wim the rising air 
flow rate, and the resistance of a duct system in- 
creases with a rise in the air flow rate, the two 
curve! will always cross-at one, and only at one, 
point. This point is the'only possible point com- 
mon to both the fan and the system. It is, there- 
fore, the fan system balance point., 

V^igure 5-6 shows the balance point for a^fan 
and aK^stem. If the fan speed is increased, a new 
balance^pdint A' willbe estabjished at the point, 
where the system curve intersects the fan curve, 
now at the higher speed. Note that the . speed 
change in no' way changes the system curve. The 
sys/em ci||^'*Gan be changed by (1) d^t on a filter, 
(2) a damf^er adjustment, or (3) a b^gte alteration. 
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For example, if a hew cooling coil sA^f ^ ^^Cjed tc 
the original system, the system re^*^^^^^^ at a 
given flow should be higher. Suppos^' ^^^^ the air 
flow, rate represented by, point >a, ^yst^ni 
resistance with the hew Coil, ri^^^ ^^i/^at 
represented by point C. Knowing th^^ ''^^'^tance 
varies as the square'of the flow rate, ^ "^©w Systeni 
resistance curve can be calculate^^ draWn* 
through point C. This new system cu''^^ i:^^^rsects 
the two fan speed purves at points B which 
are the new'balance points at the tvv<^ ^C^eeds. 

From an analysis such as this; ^ sol^,, ^ys. 
tem's performance can be predicted tiefor^ .^Qn- . 
^tructio.n or before mpdifications^^^^ter) p^i^. 
viding valuable money and time savi^^ Q^'^^es for 
the dealer-contractor and for the cof^^'^^®'". 

Air System H^at Exchanger • 

One of the components in the d^^^ of ^jr 
system is a heat exchanger f6r warrn'^Q ^°f>iestic 
hot water^ It is placed in the basern^f^ ne^r 
the hot water tank. Heat exc'hanger^^^'^^s m^V 
vary, but Figure 5-7 shows a typical ^'^'J- 

/ • - ■ 
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Fig. 5-6. Fan and systeni baran^^''^9. 




CONTROLS 

S A coYitrol system consists "jbf two essential^ 
• elpments. One is a controller and the ether is'a ^ 
■ .controlled device or actuator An example of a 
fonfrnllpr |q nn ordinary room thermostat. An ex- 
'^mple of an actuator or controlled devica is a 
solenoid valve'that opens or closes uponTcom- 
mand from the thermostat to start or stop the flow 
. of a liquid. 

With few exceptions, thp heatinjg and .air- 
conditioning technician is familiar with the types 
of control devices used in solar heating, sincQ 
they are also used ip. conventional heating sys- 
tems as well. As t^hnology develops there wiU 
probably be more packaged approaches to solar 
controfs to reduce field installation time. The 
following are the mosj commonly used controls. 

Two-State Low Voltage Thermostat 

A two-stage Tow voltage thermostsft senses 
room air tempera'ture.Jh^first stage calls for heat 
directly from the cplle^ctor or frona storage. The se-" 
cond stage turns on conventional furnace,'"boiler 
or heat pump. (See Figure 5-8) Single stage ther- 
mostats can also be used in conjunction with 
other devices \p peff€trm the same functions. (See 
^Figure 5-8). 

70' 80 90 





fig. 5-8. Two-stage heating, single-stage ^cooling ther- 
mostat. ^ ^ ^ r » • 



Outdoor Thermostat ' 

An outdoor thermastai i9f%^ to sense out- 
door temperature. As in tlV&se of a heat pi^np 
application, an outdoorytfiermb^tat may^prevent 
auxiliary heat from operating until a preset out- 
door temperature is reached. (See Figure 5-9) fan 
speed is slso Sonrletimes varied using outdoor 
temperature. 



Differential Cbi^lroller 

An ordinary Wperature controller, is a ther- 
mostat that senses water or .air temperature in 
various parts of the system to initiate control a6- 
tion; for example, stop or start^ fans and pumps 
and/open or close dampers valves. A differentlah 
temperature controller measures the differsnce 
between air or. water temperatures at two.or more 
locations in the sy.stem as shown in Figure fMO. 

^ There are aa$^n'umber of specialized differen- 
tial controllers available to perform multj-contro! 
functions in a solar system. For exarriple, one 
"proportional" differential controller varies pump, 
speed as a funclion^of the-temp,erature difference 
between collector and storag^. t^nk. With only a. 
3°F difference between collector fluid temper- 
ature and storage temperature, the pump oper- 
ates at slow speed. As the. differential rises to 
1VF, then the controller switches' the pump to 
' high speed. 

These specialised differenti'al controllers can 
also be "wired" to proyjde high temperature limit 
for storage and to provide a low tjemperature urn- 
on circuit for^freeze protection, Jhe pump is 
started .when outdoor temperature is about 37°F.) 
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Fig, 5-9. Outdoor thermostat. 



Outdoor Reset Controller ^ 

An outdoor reset controller senses outdoor 
air temperature. It is used to, reset the contro) 
point of a temperature controller (either up, or 
down) relative to changes in outdoor temper- 
atures. (See Figure 5-11). 

Sensors 

Every controller is made up of two basic com-, 
pbnents: a sensing device that measures 
temperatjjre or pressure change, and a tranducer 
that converts that detection into electrical or 
mechahical action-. Common sensors include the 
simple bimetal, remote bulb, pnd more recently, 
thermistor. 

Bimetal Sensdn A bimetal sensor consists of 
two dissimilar metal strips bonded together (cop- 
per and iron ajt) examples). They expand* at diffe- 
rent rates per degree rise in temperature causing 
''the metal strips to bend as illustrated in Figure 
5-12. 

Bellows/Diaphram"^ensor. This type of seri- 
sor uses a bulb to sense the temperature. The |i- 
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Fig. I^IC^ QifferefitTal^mperature controller 



quid in the bulb expands in the bellows or ag^iinst 
the diaphram and causes the ro^ to move which 
contacts the controller mechanism.. An^ exam)i|(3 
of each type sensor 1^ shown in Figure 5-13. 

Thermistor. A thermistor is a semi-conductor 
material with electrical resistance characteristics 
that vary with temperature. When connected to an 
electrical circuit, current flow varies in proportion 
to changes in the resistance of a thermistor ex- 
posed to changing air or liquid temperatures. 
Through the use of solid state^^lectronics, t^e 
curren|{3&hange is amplified to do work— open or 
close a relay, operate a solenoid, etcThermistor 
sensors can be located as far as 200 feet from the 
controller. Because of this feature, they are wide- 
ly used to niotiitor solaV systems* Ordinary 18 and 
14 gauge wire can be Used to connect sensors to 
a controller. 

Thermistor sensors are relatively small com- 
ponents. They contain a nibkel wire-wound ele- 
ment. The ability of a* sensor to react to temper- 
ature change is called the temperature coeffi- 
cient. For example, a senior with a temperature 
coefficient of 3 ohms per degree Farenheit will in- 
crease or decrease its resistance, hence, current 
carrying capability, fijs ambient temperatures rise 
and fall. This change 'cbu^d signal tfl?e need ioY 
heat. Th^ controller to which the sensiDr was con- 
nected would then activate the necessary heatir>g 
system" Q^mponents. , \ r , 
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Fig. 5*11. Reset control. 



The sensor in Figure 5-14 Is encased in ep- 
oxy. It could be installed in an air collector circuit 
duct at the outlet of the collector to sense the 
stagnation temperature at which the circuit 
should be activated to prevent overheating the 
collector. It can also be placed in the heat storage 
unit at a location to sense the average temper- 
ature within the unit. In^n air system, it can be in- 
serted near the bottom among the rocks. For a liq- 
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Fig. 5-12. Bimetal sensors. 
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uid system, it wouid have to be piaced in a buib 
weii (Figure 5-15) so that the tank can remain 
water-tight and not be drained if the thermistori^- 
quires service, and it wiii not make qlirect contact 
with the iiquid. The corrosive effects of the iiquid- 
wouid damage the sensitivity of the sensor. VVfhen 
this sensor modei is piaced in a buib, a thermal 
conducting compound is used to hoid the sensor 
in the bu^b so that the sensitivity to temperature 
change is not changed significantiy. This com- 
pound is about the consistency of automobiie lu- 
bricating grease. 




(Penn Controls) 

Fig. 5*14. Typical thermistor sensor. 
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Fig. 5-15. Typical bulb well. 
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Fig. 5-16. Sensor Instalied through wall of tank. 



There are other bulb well designs which can be 
used where heat sensing is desirable inside a 
pipe. 

\ An alternative to using three components— 
the sensor, the bulb well, and the thermal com- 
pound— would be' to use a preassembled compo- 
nent as shown in Figure 5-16. 

This, is a brdss unit with the sensor sealed inside 
and has V2" piipe threads Jor mounting in a thread- 
ed hole in thd ii&at storage tank or other control 
locs.tions in the system. i ^ 

It may be desirable to install a sensor in a 
piping system without the bulb well. If Ihis is the 
case, a pipe Tee can be installedj^n the.line and a 
sensor of the type shown \n Figure 5-17 can be 
used. ' 

The serrsor could be mounted in the side or 
one end of the ^ee^depending on the installation 
specifications. 

Placing a sensor near the bottom third of a 
liquid storage tank may be specified. For this type 
of Installation, the sensor is screwed irvto^engt+i 
of pipe. The length of the pipe Is preef^rmined so 
that the sensor will function at the proper level in 
the liquid. The sensor screws into the end of the 
pipe with the wires extending up the pipe and out 
of the tank. The pipe is secured to the tank with a 
bushing as shown in Figure 5-18. 

Another application of the sensor is shown^n 
Figure 5-19. The sensor is mounted in the sheet, 
metal duct and held in place with sheet metal 
screws in an air system. 

The sensor in Figure 5-20 is the same sens^ 
as in Figure 5-14. However, it is in a more dural5le 
copper housing with a hole at the end to mount it 
more securely to 9 collector plate or elsewhere. A 
4io8i3^lamp can be used to secure this modef on a 
pipe before the insulation is installed. 

Figure 5^21 Is typical of a. sensor that would 
be mounted directly to the absorber plate in the 
collector to sense the absorber temperature indi- 
cating availability of solar energy at the collector. 
The sensor is attached with a sheet metal screw. 

Valve 

Electrically powered solenoid valves are 
used to start and stop as well as divert fluid flow 
in a liquid system. They can be controlled by one; 
or more thermostats. A .typical valve is shown in 
Figure 5-22. 

Transformer 

A transformer converts live voltage (usually 
120V) to a lower voltage (typically 24 volts). This 
voltage drop is necessary because thermostats 
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Fig. 5-17. Threaded tank sensor. 
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Fig. 5-18. Siensor fastened to end of pipe probe for sensing 
temperature in deep tanks. 
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Fig. 5-19. Duct mounted sensor. 



and many other control devices are designed for 
•low Voltage operation. A typical transformer and 
its^chematrc are shown in Figure 5-24. 

' Damper 

Electricafly powered multi-blade dampers are 
used to start and stop, as well as divert, fluid in an 
air system. They may be thermostatically controll- 
ed or opened and closed by the force of, air from d 
blower. Figure 5-23 is an example of a motor- 
driven damper. ^ 

Rejay , 

A r^lay js an electromagnetic switch. This de- 



vice (Figure 5-25) will often be operated by some 
low voltage thermostat (24V) or other controller. 
When the relay is activated, it can cause a higher 
voltage load such as a 120 or 240V fan or pump to 
operate. 

A typical transformer-con'troller-relay-loaT^ 
control circuit is illustrated in Figure 5-26. 

Some combination of the control devices ex- 
-plained above is necessary for the safje and auto- 
matic operation of a solar assisted heating sys^ 
tem. However, tKere are some specialty items that 
are not electrically operated. 
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Fig. 5-21. Sensor mounted in air collector. 
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Fig. 5-22. Motorized valve. 




Fig.'^S^^a. Motorized damper. 
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Fig. 5-24. 24 volt transformer. 



HYDRONIC SPECIALTY ITEMS 

Hydronic specialties are non-eiectricai com- 
ponents that serve somacontroi or system main- 
tenance function. The foiiowing devices are repre- 
sentative of specialized components essential to 
the solar heating system.* 

Expansion Tank O^v 

In completely\clos^ Ifquid systems, an ex- 
pansion tank or "air cushion tank" is required to 
provide "room" for the expansion of heated water. 
For example, 50 gallons of water at 60' F, >A^en 
heated to 200** F, would become 51.65 gallons at 
the^levated temperature. The cushion tank per- 
mits ttiis expansion while also controlling the 
pressure in the system. Open of ventedsystem^^ 
usually provide for the expapaton witttffi the stor^ 
age tank as illustrated^JrFlgure 9^7v 
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Fig. 5*25. Relay details. 



Air Vent 

An air v6nt is placed atlhe highest point in 
the system (above the collector array). The de- 
vices illustrated in Figure 5-28 are of the float 
type, hydroscoptic disc, and manual design. They 
ent air from the system as it is being filled with 
liquid. 
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Tig. 5-26. Transformer/rglay schematic. 
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Fig. 5-27. Conventional expansion tank (above) diaphragm 
design (belowr). 
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bheck Valve 

This type of valve limits fluid flow to one di-. 
^ rection.»Theii(e are a number of designs avaiJable 
for horizontal and vertical piping installation as il- 
lustrated in Figure 5-29. A flow control valve is a 
specialised check valve which prevents gravity 
circulation in the solar circuits when the purtips 
are off. 

Vacuum Breaker 

A vacuum breaker 1s sometimes used to 
relieve an unwanted vacuuVi condition in a drain 
down system. TIjis v^ve, shown below in Figure 
5-30, permits the\ System to drain efficiently by 
gravity, by admitting atmospheric pressure into^ 
the return piping. 

Pressure Relief Valve 

A presjstire relief valve, also known as a safe- 
ty relief valve, is pressure operated to prevent ex- 
cessive pressure in ^ closed syste^m in the event " 
o1 any malfunction. Figure 5-31 depicts one of 
these specialty itenris- \ 



Balancing Valve ' 

A balancing valve is a simple^ inexpensive, 
square head cock. It is used to adjust flow rate in 
^eaoh circuit and especiallyithrough the collector 
C array (see figure 5-32). Therfe are special, more de- 
luxe, balancing valves useq, as can be seen in 
Figure 5-33. c 

..)^ 

Pressure Reducing Valve 

A pressure reducing valve is often used as 

" part of the. water supply system. Wafer service 

pressure that is too high, for some of the heating 

system components can be reduced by j /:.ig a 

' vglve $uch as illustrated in Figure 5-34. 

> •. 
( A(f Eliminator 

An air eliminator (Figure 5-35) is used in con- 

r junction with an air cushion pressure tank to help 

purge a closed system of unwanted air. 
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Fig. 5-28. AUTOMATIC air vent (above) j^er^tes S^rtieansV 
of hygroscopic discs thdt when wet expand and seal 
venting ports. If air accumulates, discs dry and contract 
opening ports and venting air. (Dunham ^Bush, Inc ) Floal 
type vent (below) operates by means of a float 'that opens - 
and closes a valve.^ln (A) water level is hhg6 and vent is 
closed. In (B) air has accumulated and water level is low", 
causing float to open vent. (Armstrong Machine ytorks,) 
Manual vent (above) must be opened and closed by hand. 
(ITTBellAGossett) 
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Fig. 5-29. Swin^ check vatve~^' one of 'several designs. 
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Fig. 5-30 Vacr"»'m brpaker. 
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Dielectric Unron 

Several dielectric uniohii m'ay be needed in 
the system. Connecting fittings made of certain 
metals, as discussed in Lesson Four, may result 
in corrosion and restrictiqn of fiqi/id flow through- 
out the. piping.. Corrosion is most apt to occur 
when ferrous (iron) and non-ferrous (aluminum, 
brass, copper) fittings and components are con- 
nected together. One way to eliminate the prob- 
lem is with plastic fittings or to us6 dielectric 
unions as shown in Figure 5-36. 
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Fig, 5-34, Pressure reducing valve. 





Fig, 5-33, Calibrated balance valve. 
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Fig. 5-31. Pressure relief valve. 
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to adjust flow In multiple cirp/it system^ . diaphragm tank. 
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Fill System 

Filling the collector loop of a solar assisted 
heating system may be done automatically or 
manually. Manual filling ij^^ctices must be fol- 
lowed i^locai building codes prohibit connection 
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of a solar system containing a toxic fluid -(anti- 
freeze) to city water service. An automatic fill 
system maylDe a convenienqe to the occupant but 
the^^glycol) antifreeze may become diluted over a 
pferiod of time. This would create a maintenance 
problem if freezing occurred. The manual fill sys- 
tem would include a pressure reducing valve, a 
checl(valve, and a'manually operated globe valve. 

Ah automatic system filling valve (Figure 
5-37) has a bujJt-in strainer and check valve mech- 
anism. 



Glycol Fill Point 

Shutoff 1 
Valve 



Shutoff 
Valve 



Glycol 
PiU Tank 



Drain 

/ 



Glycol Fill Hook-Up 
for System 

Fig. 5-38. Glycol fill System. 



Flexible 
Diaphragm 



^^S"^ Side #rftSy3tar\ Flexible 

Side llt^ tJI side^Diaphragr 




m 



When system pressure exceeds city 
water pressure (above) sealing Ijps 
of anti-syphon check prevent system 
wat^r from leaving system. When sys- 
tem pressure falls below valve setting 
(above) water enters' the system be- 
tween anti-syphon check and flexible 
diaphragm. 

(ITT Bell & Gossatt) 



Fig, 5-37. Automatic fill valve with anti-syphon feature. 
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AnMfreeze-FIIIIng Hook-Up 

For a closed loop system that contains anti- 
freeze, a fill system for the glycol must be In- 
cluded. One example of such a system Is In Figure 
5-38. ^ ( 

Summary ' ' , 

Many kinds of controls and specialty Item^ 
are needed for a solar assisted heating system. 
Centrifugal pumps are used for liquid systems. 
Fans aif used for air systems. When water 
heating for occupant use Is included, the systems 
must include heat exchangers. I^umerou^ elec- 
:al and(pr heat arctivated control devices assist 
in effective operation of the system. Some non- 
electrical specialty items are also required. Shut- 
off valves and unions are also needed to isolate 
major components ir/a liquid systerh so they can 
be removed for repair. In addition, various hose 
bibs for drain and fill service are used. 

All of the control devices and specialty Uems 
must be made safe befpre.the system is operated. 
This means that all electrical wU^ing and plumbing 
installations must b&fmade according to various 
Ideal codes and licensing practfces. 
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SIZING SOLAR SYSTEM COMPONENT^ 




The JMsic components of a solar heating 
system have, been reviewed in Lessons Three, 
Four, and Five; The purpose of this lesson is to 
provide an understanding of how to select the ap- 
propriate size for each of the solar components in 
the heating system. Figure 6-1 depicts a liquid-to- 
air solar heating system./Ten basic components 
of a typical installatiort are identified in the 
illustration. \ 

Sizing Solar Colj^bctors 

The \k\t\a\ step in sizing the various compo- 
nents irt a-solar heating systernKs to size the col- 
lector. Because collector Btu output and system 
utilization of these Btu's'is dependent upon a 
number of weather and component variables, a 
great deal of research has been conducted* to 
study system performance and to develop prac- 
tical collecjtor sizing procedures. Presently, there 
are several sizing procedures ftroposeckand used 
throughout the industry. These vary from simple 
rules of thumb, suchi*is the number of square feet . 



pf collector as a fraction of the square feet of the 
home (e.g., 6ollector area equals from to V2 the 
floor area), to highly sophisticated computer pro- 
grams. Many collector rmlhufacturerg have 
selected a^ particular procedure and refined it for 
use with their respeqtive proprietary collectors. 

Tables for Selecting Collecto[ Size 

For example. Table 6-1 shows a tabulation of 
the output of a spjgcific manufacturer's collector 
panel in thousands of Btu's for each month df thfe 
winter" heating season for 8ele6ted cities in the 
United States. T+ie tabl^jBdicates that in January, 
for the city of Columbus, Ohio, a single collector 
panel from this manufacturer will supply 280,200 
Btu'^., Armed with this^ information and the 
monthly energy nteds of the structure based on 
building heat loss and monthly degree days, the 
number of panels required to supply some fixed 
percentage of the heating requirements can be 
determined/ ^ 




(Lennox) 



»g. 6-1 Key components in a liquid to air iolar system: t. sixAr collectors, 2. Storage tank 3 
Hot water heat exchanger, 4. Hot water holding tank, 5. Spaci heating coil, 6. Purge coil (re- 
leases excess solar heat), 7. Expansion tank, 8. Heat exchangbr 



Another examph9 of a simplified procedure is 
shown In Table 6-2. This table gives a simple 
divisor termed "LC" for 85 'cities that can be di- 
vided Into a building's heat loss per degree day to 
arrive at a collector size to supply a specific frac- 
tion of the heating load. This is based on siWila-. 
tion studies made at Los Alamos Scientific 
Laboratory. Here Is how it works. 

Suppose aohouse located in Atlanta, Georgia 
Is to be solar heated. Assume the heat loss is 
40,000 Btuh for 20** F average outside and 70"* JF 
average inside temperature. Table 6-2 illustrated 
how the calculation is made. 

' A third example of a siinplifed procedu^rfi-Oetn 
be found in Table 2-1 of the SfvTACNA Installation 
Standards. Figure 6-3 shows a portion of this 
•table. 

In thistable, a separate divisor is provided for 
air and liquid collector systems. Further, there are 
two choices of collector tilt and a selection for 30, 
50 or 70 percent solar contributibn. Also, in this 
case, the divisor is simply divided jnto the calcu- 



lated design heat loss which differs from the pre- 
vious example. Here is how to use the SWACNA 
table. f 

Con^der thd previous example city, Atlanta, 
Georgia, and the building with a 40,000 Btuh heat 
loss. For'a liquid system. Table 2-1 provides di- 
visors of 316 to obtain a 30 percent solar contribu- 
tion, 152 lor 50 percent ^nd 84 for a 70 percent 
coijtribution for a liquid collector tilted^t 53 de- 
grees. Based on a 50 percent contribution: 

40,000 , n 

= 263 square feet of collector 



Note, first,« that the estimated collector area 
determined from the procedures used in Figure 
6-4 and above differ substantially (325 vs 263). 
Second, the Los Alamos procedure made no dis- 
tinction between air oV liquid systems. Also, the 
designer had a choice of tilt angles in the 
SMACNA procedure but he did not in the Los 
Alamos approach. (Los Alamos assumed a tilt 



Table 6-1. Btu output per panel per month — one way to simplify sizing. 



MONTHLY ()UTPUT,/(;OLLECTOR PANEL — MBTU 



<>iin\ 

Ntrtli \ 


locition 


Colltc- 
tor 

. Tift 


October 


November 


December 


Jinuiry 


February 


Mirch ' 


April 




48.2 


^^jIsmqw. Montana • 


60^^ 


496.2. 


338.8 


264.3 


333.6 


.436.7 


^ 536.7 


450.5 




43.6 


BoisSi Idaho 


55"' 


543.2 


387.4 


288.3 


313.1 


404.4 


494.4 


, 481.9 




40.0 


Colunlbus. Ohio 


55^ 


420.0 


257.9 


259.3 


■ 280.2 


312.1 


394.0 


360.8 




35.4 


Oklahbma City. Oklahoma 


50 = 


637.3 


554.2' 


508.1 . 


504.6 


494.2 , 


556.3 


481.9 




40 


Salt Lkke City, Utah 


55 = 


536.6 


407.4 


392.2 


345,4 


406.6 ^ 


4.75.3 


440.4 . 




29.5 


San Antonio. Texas 


40^ 


660.6 


537.6 


497.3 


■ 527.5 


529.7 


590.0 


484.4 




32.8 


Fort wWth. Texas 


45" 


668.8 


579.8 


498.6" 


488.8 


497.4- 


598.6 


511.6 




40.3 


Grand Lake, Colorado 


55^ 


. 509.9 


386.4 


■ 370.4 


390.8 


450.9 


410.5 


415.0 




42.4 


Boston. Massachusetts 


55^ 


425.4 


307.6 


279.1 


303.0 


319.2 


389.7 


339.8 


k 


27.9 


Tam^j.a, Florida 


40^ 


660.0 


656.6 


610.0 


646.7 


608.0 


670.0 


5/8.0 




3S,4 


. Phoenix, Arizona " 


45^ 


777.0 


663.0 


589.7 


606.2 


655.7 


756.0 


678.0 




33.7' 


Atlanta. Georgia 


45" 


566.5 


' 489.5 


4227 


423:8 


. 441.7 . 


518.0 


499.0 




35.1 


Albuquerque, New Mexico 


50° 


719.2 


628.7 


580.8 


604.9 


592.9 - 


682.3 


588.0 




40.8 


State College, Pennsylvania 


58° 


468.6 


307.5 


255.8 


280.6 


312.9 


405.8 


375.5. 




42.8 


Schenectady, New York 


55 = 


381.8 


242.1 


315.1 


281.7 


317.9 


365.2 


319.5 




43.1 


Madison, Wisconsin 


55° 


465.5 


306.7 


293.9 


321.0 


343.5 ' 


442.6 


370.2 




33.9 


Los Angeles, California 


50° 


604.3 


577.2 


' 540.4 


535.4 


556.8 


633.0 


482.9 




.45.6 


St. Cloud. Minnesota 


60^ 


419.8 


309.3 


274.4 


362.7 


416.3 


482.6 
'^481.4 


381.6 




36.1 , 


Greensboro, North Carolina 


50' 


537.8 


465.1 


396.0 


409.5 


430.2 


456.4 




36.1 J 


Nashville, Tennessee 


50^ 


556.0 


424.0 


354.5 


;J25.7 


380.7 


456.8 


438^ 




39.0 


Columbia, Missouri 


50' 


559.1 


438r7 


339.3. 


356.7 


390.9 


485.7 


440.9 




30.0 


New Orleans, Louisiana 


40^ 


589.7 


506.8 


•390.5 


.■415.8 . 


396.6 


476.5 


448.2 




32.5 


•^Shreveport, Loul^na 


45^ 


590.4 


. 475.3 


419.6 


459.6 


4520 


534.7 


461.1 




42.0 


Ames, Iowa : 


55^ 


378.4 


262.9 1. 


. 197.7 


238.2 


294.9 ' 


368.2 


354.7 






MedfortJ, Oregon 


55 = 


455.1 


298.4 


213.4 ' 


255.8 


343.4.' 


434.1 


412.3 




44.2 


Rapid City, South Dakota 


60° 


550.9 , 


436.3 


■ -383.3- 


405.1 


453.2 


518.0 ^ 


420.3 




38.6' 


Davis, California . 


50° 


719.3 


536.9 


401.3 


448.9 


. 515.6 


666.1 


647.2 




38.0 


Lexington, Kentucky 


50° 


616.5^ 


477.4 


377.8 , 


359.6 


411.1 


487.5 . 


479.9 




42.7 


East Lansing, Michigan 


55^ 


415.0 


261.7 


230.1 


247.5 


314.2 


387.4 


313.4 




40.5 


New Yorkv New York 


55° 


505.8 


389.4 


328.0 


357.1 


396.6 


451.9 - 


381.8 




41.7 


-lemont, Illinois 


55° ' 


477.1 


352.7 


321.4 


343.6 


373.9 


450.3 


365.4 




46.8 


Bismark, North Dakota 


«0° 


491.1 


346.6 


279.9 


335.6 • 


405.7 


476.6 


411.9 




39.3 


Ely, Nevada 


55° ' 


€36.7 


559.0 


475.8 


481.1 


512.4 


597.5 


483.4 




31.9 


Midland, Texas 


45° 


651.5 


596.2 


540.7 


■ 543.0 


543.1 


648.9 


562.1 




34.7 


Little Rock, Arkansas 


50° 


578.4 


470.0 


.40o:o 


383.6 


408.1 


486.5 


435.4 




39.7 


' Indianapolis, Indiana 


55° 


501.7 


354.3 


^293.2 


300.1 


332.1 


417.6 


360,4 





• / 



62 
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angle of latitude plus 10 degrees which, for Atlan- 
ta, would mean a collector tilt of 44 degrees). 

^Th^ important point in this corpparison is 
that "assumed conditions" lor specific simpli|ied 
procedures are not alw^^ the same. Befpre a 
designer/technician uses any simpliffed approach 
for collector sizing, there should.be a thorough 
understanding of the assumptions made by the 
develope(| of the design tec|[inique. The designer/ 
technjclq^n should also be aware of how these as- 
sumed parametersdiffer for specific applications. 
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FCHART Collector Seledtloh Technique 

Perhaps the best known detailed sizing pro- 
cedUire and the one most frequently referred to for 
specific collectors is termed the FCHART proce- 
-dure developed at the University of Wisconsin. 
(Table 2-1 in the'SMACNA Standards Is based ort 
this procedure.) Figures 6-4 and 6|g show the 
FCHART for liquid systems and $iir s^tems re- 



spectively. Each **f" curve represents the fraction 
of the monthly energ]^ demand suppled by sola; 
energy as J||lunction of the "X" and,"Y" co- 
ordinates. TW horizontal scale (X) is the ratio of 
the monthly solar collector losses to the^Wnthly 
heating demand; the "Y" scale is the ratio of the 
monthly solar eriergy absorbe^Pby^the collector to/ 
the monthly heating demand. Since values of X 
and Y vary each nionth, 'the fraction (f) of the 
heating demand satisfied by the collector will 
also vary each tfionth. X 

. The curves were dVived from computer 
simulation studies of- twdVVstahdard" ^jr and , 
liquid solar heating systems.To use the FCHART, ' 
the slope and intercept otthe efficiency cJirve for 
the specific marilifacturer's collector hping used 
must be Rnown (see Uesson 3, Figure 3-12, on col- 
lector et/icierK;y). In addition, the designer must 
know the monthly incident splar radiation; 
monthly degrees days, building heat loss^ and 



Table 6-2. "Divisors" to determine collector area required to supply a fixed percentage of ener'gy. 













LC (8tii/digrardiy-n°) 


city, Stiti 


Latltid« 


EltVltlOR 


Dtgrtrv 


whin Mlir provldii 25%. 


* .. 


fffl 


diyi . 


50%, 75% of total hilt 










25% 


50%/^' 


75% 


Los Alamos, NM 


36 


7200 


6600 


107 




21 


Columbus., OH V 


40 


760 


5211 


.77 


29 


13 


Corvallis, OR 'X 


45 


236 


4726 


120 


42 


18 


Oavis. CA 


39 


50 


2502 


198 


■ 72 ' 


.33 


Ea^JLiiansmg. Ml 


43 


. 878 


690^ 


76 


28 


13 


East Wareham. MA 


42 


50 


5891 


97 ^ 


, 37 


18 


El Centra, CA 


' 33 


12 


1458 


547 . 


256 


> 97 


Flaming Gorge. UT 


4i; 


• 62T3 


6929 


111 


. 43 


21 


Granby, CO 




8340 . 
443 1 


5524 


' 119 


47 ■ 


1^ 


Toronto. Canada 




6827 


72 


27 


Griffin. GA ' 


33 


1001 


2136 


217 


84 


. 42 


Winnipeg. Canada 


50 


820 


10629 


63 


23 


11 


Ithaca. NY . 


42 


951 


6914 


' 68 


24 


11 


Inyokern. CA 


36 


Tr86 


3528 


232 


88 


42 


ANL, Lemont, IL 


42 


750 


6155 


79' 


30 


14 


Newport. Rl 


41 


50 


5804 


97 


37^ 


18 


Laramie, WY 


41 


7240 


7381 


106 


42 


21 


Page, AZ 


37 


■ ,4280 


6632 


128 


48 


23 


Prosser. WA 


46 


840 


4805 


117 


41 


18 


Pullman, WA 


47 


2583 


5542 ■ 


100 


36 


16 


Put-In-Bay. OH 


42 


580 


5796 


68 


24 


11 


Richland, WA 


.47 


731 


5941 


100 


35 


15 


Raleigh. NC 


36\ 


440 


3393 


133 


52 


25 


Riverside. CA 


34 


1050 


1803 


391 


152 ^ 74 


Seattle, WA / 


48 


110 


4785 


94 


33 


13 


Sayvilie. NY 


41 


56 


4811 


98 


38 


18 


Schenectady, NY 


. 43 . 


'm 


6650 


63 


24 


11 


Seabrook, NJ 


39 


110 


4812 


97 


37, 


18 


Shreveport, LA 


32 . 


. 220 


2184 


179 


70 - 


,35 


State College, PA 


41 


'1230 


5934 


. 78 


. 29 


14 


Stillwater. OK 


36 


910 


3725 


132 


52 


25 


Tallahassee, FL 


30 


64 


1485 ■ 


288 


113 


57 


Tucson, AZ 


32 


'2440 


1880 


301-^ 


118 


59 


Oak Ridge. TN ' 


36 


9"40 ' 


3817 


111 


42 


20 


Fort Worth. TX 


33 


574 


2405 


185 


73 


37 


Lake Charles. LA 


30 


60 


1459 


244 


96 


48 


,Apatachiola, FL 


• 30 


. 46 . 


1308. 


324 


129 


.65 


Bjownsville, TX 


26 


48 


600. 


■ 517 


218 


110 ' 


San Antonio, TX 


30 


818 , 


1546 ' 


262 


103 


52 


Greensboro, NC 


36 


914 


3805 


128 


50 


24 


Hatteras. NC 


35 


27 


2612 


204 ' 


79 


39 ' 


Atlanta, GA 


34 ' 


*>1018 


2961 


. 154 


59 


29 
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LC (Btu/digrii<diy-ft«) 


City, Stiti 


Elivition 


Oegrii- 


whin solir providii 25%. * 




(ft) 


diyi 


50%, 75% of totil hilt - 






• 




25% 


50% 


75% 


Charleston, SC 


33 


69 


2033 


210 


82 


^^ 


Nashville, TN 


36 


614 


3578 


m 


44 


21^ • 


Lake Cfiarles. lA 


30 


39 


1459 


261 


104 


53- 


Little nOCK, An 


■ 35 


276 


' 3219 


^ r26 


48 




Oklahoma City, OK > 




1317 


3725 


134 


53 


26 


.Columbia. MO 


■'39 


814 


• 5046 


102 


38 


18 


Dodge City. KA 


38 


2625 


4986 


. 126 


49 


24 


Caritrou, ME 


47 


640 


.9767 


68 


26 




Burlington. VT 


. 44 


• 385 


8269 


63 " 


24 


11 


Blue Hill, MA 


42 


670 


636a 


82 


31 


15 


Cleveland, OH 


41 


871 


6351 


71 


26 


12 


Madison, Wl 


43 


889 


7863 


76 


28 


13 


Saidt Ste. Marie, Ml 


" 46. 


724 


" 9048 


74 


27 


12 . 


Saim croud, MN 


46 


1062 


8879 


^ 104 


27 


13 . ^ 


. Lincoln, NE 


41 


1316 . 


5864 


39 


19 - 


Midland, TX 


32 


2885 


2591 


202 


79 


39 


El Paso. TX 


32 


3954 


2700 


228 


88 


44 


Albuquerque. NM 


35 


5327 


4348 


161 


64 


31 


Grand Junction, CO 


39 


4832 


5641 


119 


46 


22 


Ely. NV 


39 


6279 


7733 


119 


47 


. 23 • 


Las Vegas. NV 


36 


2188 ' 


2709 


218 


84 


42 


Phoenix, AZ 


33 


1139 


1765 


300 


118 


59 


Reno. NV 


39 


4400 


6632 


125 


47 


22 


Santa Maria, CA 


35 


289 


2967 


353 


■ 142 


67 • ' 


Bismark, NO 


47 


1677 


8851 


78 


29 


14 


Lander, WY 


43 


5574 


7870 


108 


42 


21 ^ . 


Glasgow, MT 


48 


2109 


2996 


105 


41 


- 20 


Rapid City. SO 


44 


3180 


7345 


97 


37 


18~\, 


Salt Lake City, UT 


41 


4238 


6052 


107 


40 • 


19 


Boise, 10 


44 


2895 


5809 


108 


.39 
35' 


17 


Great Falls, MT " 


47 


3692 


7750 


93 


16 


Spokane. WA 


48 


2356 


6655 


, 90 


31 


14 


Medfdrd. OR 


42 


J 321 


5008 


107 


38 


16 


Los Angeles. CA 


34 


540 


2061 


416 


157 


75 


Fresno. CA 


37 


336 


2492 


195 


70 


32 


Silver Hill. MO 


39 


,292 


4224 


111 


43 ' 


21 


Cape Hatteras. NC 


35 


/ 27 


4612 


189 


74 


36 


Sterling. VA ^ 


39 


/ 276 


4224 


111 


43 


21 


Indianapolis. IN 


40 . 


\ 819 


5699 


86 


32 


15 # 


Astoria. OR • 


46 


\ 22 


-5186 


.127 


45 


19 


Boston, MA 


42 


M57 


5624 


86 . 


33 


16 , 


New York. NY 


■41 


187 


4871 


88 


34 


16 


North Omaha. NE 


41 


i323 


6612 




3< 


16,, 
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average montfily outrfoor temperature, there are 
also ''correction factors" to be applied for "non 

i standard" variations m sys\^ configuration, 
such a§ larger or smaller storage capacity than 
^'standard." and heat exchagger performance for 

, liquid systems. 



Blu/Hr 

^/degree day = ^ x' 24 hrs/day 

,ti ^average joslde temperature * 
to ^average outdoor: temperature 



40^000 



X 24 hrs/day 



*" (70-20) 
=z 19,200 Btu/degree day 



From the table In Fig ui^ 6-3 the LC division would be: 

154 to provide 25% of the heating demapd 
69 to provide 50% ot the heating demand. 
29 to provide'75% of the he^tinji demand ♦ ^ ' 

Using the 50% : corxlri^ion,' the size of the collector 
can be calculated as follows; ^ 
\ 

♦ Btu/degree day 
. LC 



abo' 



substituting from above 
19.200 



59 



— 325.4 square feet of collectors required. 



Values of X and Y are calculatejj for^ch 
month^of the year for the localfty in question and ' 
for an assumed cpl'lector area. Monthly values. of 
''f" are obtained fro^n the chart' at. the intersection 
of the X anti Y coordinates, the monthly solar 
energy dontributions are then totalled for the'^ea- 
son and divided l^the total heating demand to 
determine a'seasonal'value of t!f!llThe procedure 
is then repeated fol" several Qther assumed collec- 
tor areas. \ 

The results coulcj be as follows. for a specific 
building and- collector type; collector area (as- 
sumed) of 400 square feet— seasonal "f" equals 
.43; collector area increased to 600 square 




f-OJ- 

(fraction of monthly energy supplied) 
I I I 1 L 



Fig. 6-2. Calculating the BTD/degree day and solar col- 
lector size using LC valde. 
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4. i-Cji^i for liqur^ased solar heating sysjems. 



TABLE 2-1 conrd 
SOLAR CONVERSION FACTORS 
UNITED STATES, AUSTRALIA AfjD CANADA 







AIR • 






LIQUID 




































■ Location 


T»mp. 




30% 


1 


50% 




Portion of Load Ca 
70% ' 


rried by Sola 
30% 


r 


1 ' 50% 






70% 




•nc* 












































Collector 


1^lt . 












f 




37" 


. 53° 


1 37' 




53° 


37= 


53° 




53° 


37 r- 


53^ 


i 37 


53° 


Georgia > 






























Atldqta J 




• 292 


297 


141 




150 


80 


86 


310 


316 


144 


152 


78 


84 


Griffin^ . 




321 


, 337 


162 




170 


98 


105 


350 


367 


166 


177 


. 93 


101 


Idaho 






























Boise 


60' 


■ 196 


205 


89 




99 


45 


52 


205 


217 


88 
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feet— "f" increrases to .55; ahd for a collector area 
of 800 square feet— "f" equals .64. Thus, to supply 
just over half the heating needs.C55), a collector of 
600 square feet would be required in this hypo^ 
thetical case. 

The University pf Wisconsiifi has developed a 
computer program utilfzing* the FCHART pro- 
cedure. It is available for sale for private use and a 
; number otjfollector manufacturers make thip ser- 
vice, available to their customers. Details of the 
. manual procedure to use FQHARt are included in 
HUD's Intermediate Minimum Property Stahdards 
Supplement. 

'Between the highly sophisticated FCHART 
computer analysis and- the driidgiery -of manual 
calculations, there is a hand calculator approach 
devised by researchers at C6lora<do^St9te Univer- 
sity. Termed;^*;Relative Areas Analysis," a de- 
signer equipped-with special tabulated data for 
specific cities can simply '*plug inVa few num- 
bers into a calculatoXand cfetermfro an annual i 
load fractipn. Details of the proowJure are' con- 
tained in 'a. thesis* written by C.C[Asnnis Bacley, 
Department of Mechanical Engineenng, CSU, Fort 
Collins, Colorado 80523. The procedure also in- 
volves an economic analysis* tQ deternn4ne the 
"best size" of collectof. The corvefept of life-cycle- 
costing will be discussed niBxt. 

ECONOMICAL COLLECTOR SIZING 

' there are many rfeasonjs why a custofjier/client 
may chooSe to purchase a solar heatitig system. 
Among them is a concern for. the environment, 
fear of fossil fuel 'shortages, and a j^esire tp have a 
new and innovative heating system. However, 



when ttie^ti^me comes to pay for the heatitja sys^ 
tem, r\e^ly all customers/clibnts will *wai^ to 
/^'Know^ow mtich the solar system will save before^ 
/j deciding to purchase. Jn termVof economic bene- 
fit, what stee system might be best for d customer; 
one thgit contributes 20, 30, 50, or 80 percent of the 
energy need? Figure 6-6 illustrates a typical eco- 
nomic analysis. TtDfe top curve relates collector 
area versus fraction of the load supplied, a^rriight 
be determined from FCHART, SMACNA, the LC 
Table, or other simplified procedures. 

" The^ lower curve rejates collector area\ to 
money saved over a 20 year period. In this exam- 
ple, the peak savings are realized ior a collector 
area of 630 square feet that would result in a 60% 
solar contfi^bution. \ - * 
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Fig/6-5, f-CHart for solar air heating systems. 
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\ ' Please note, however, 'that a modest change 
of $100 out of the projected $'3600 savings in this 
example would alter the desirable collector sjre 
from a low -of 500, square feet to p.erhaps 700 
square feet. Thus, the optimunn plateay is fairly 
flat and this means^one^s choice is rather broad ha 
termfs of^ optinrxizing payback, especially because 
of the many assumptions made to complete an 
economic analysis. Presently, it appears that col- 
lectors selected to serve from 50 to 70 percent of 
the heating load are most econorriic in normal in- 
stallations. ' . 

LIFE-CYCLE-COSTS 

Because of the need to install a combination 
system (solar plus^ conventional hebtmg equip- 
mentj, it is obvious that it will be impossible to 
create a solar assisted'heating system which is 
less expensive than a conventional system based 
on initial costs. The sale will be made based on 
what is termed ^'life-cyple-cost." (See Figure 6-7.) 
The customer/client must be convinced that the 
savings in energy cost over the years Jhe s^tem 
will actually last (before it. wears ogt) will offset 
the initial cost of installing thq solar heating^ 
system. In making thedetermination of life-cycle- 
cost Sy it is necessary to' consider the following ^ 
factors: ' ^ ^ - 

\ 

1. Solar System Fixed initial cost. 

2'. Solar collector installed cost per square . 

: foot. 

. - : • 

3. Loan interest rate.* 

4. Loan term. 

5. Loan down payment. 

6. Property tax rate. 

7. Income tax rate. 

8. ' Maintenance costs. 

9. * Insurance. 

to. -Property taxes. 

11. \ Present fuel costs. 

12. ^ Inflation 

Obviously, these factors will vary according 
to the location of the installation.. It will be 
necessary to become familiar with the values for 
each of the factors for a specific locationtThe sav- 
ings versus collector area as shown in Figure 6-6 In- ) 
volves a great deal of manual calculation. Build- / 
ing- owner cash flows are calculated for each year 
of the analysis for both solar and non-solar sp^ce 



heating installations. By comparing the present 
values of the yearly costs of the solar and non- 
solar systems, the economic feasibility of the so.-, 
lar system Is determined. Present value refers 'to 

^the s'avin.gs in term's of today's doll^rs, As one 
knows, the value of money is time-related; and is a 

' normal factor to consider when analyzing invest-- 
mehts.^ 

**SpLCOST" COMPUTER ANALYSIS , 

Because of the. numerous calculations in- 
volved, the computer can be put to ideal use. An 
ERbA funded program called ''Solcost" is avail- 
able to contractors tO'determine optimum collec- 

' tor size. The cost is from $10 tp $20 for sizing arrtP 
life-cycle-costing. For^ an addjtional $40, a heat 
loss calculation can be obtaineqj.by computer. 
Figure 6-8 illustrates the type of Solcost .residen- 
tial analysis that would be provided.' . ' ' 

.'For further information on the Solcost pro- 
cedure contact: ln'ternation.al Business Se/vices, 

■Solar Group, 1010 Vermont Avenue, Washington, ' 
D.C. 20005, telephone (202) 628-1450. 



$3,000 
$1,500 
$750 



Fixed 
Caats 



^ Initial — 



M^iritenaoce. 

and' 
Operational 

Costs Insurance 



CO <D 



Deprec- 
" iation 







? 






















Energy 
Inflation 



Appreciation 



Tax 

.Incentives 



1st 
Year 



2nd 
Year 



3rd 

Year, etc. 



.— —Annual — — 
Other 



Annual FuefXosts 



Savings* 



Fig. 6-7, Life cycle costing is a method whereby the total 
costs of a product can be measured against the annual 
sayings, showing the buyer approximately when his or her 



investment is paid for. 
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INPUT- 



Input ParariMltr. 



Solar System Type 

Fuel Type for Reference Heating System 
Fuel^Iype for Solar Auxiliary Heating System 
Collector Typd* ' . 
Collector Tilt Angle 
Collector Azimuth Angle 
Site Location 

Building Heat Loss Coefficient 
Building Floor Area 
Solar System Fixed Initial Cost 
Solar Collector Installed Cost/Sq. Ft. 
Loan Interest Rate 
Loan Term 
Loan Down Payment 
Property Tax Rate 
Income Tax Rate : 
Inflation of Malnt'., Insur. Property ' 
Present Electricity Coat $/Kw-hr 
^^Electricity fiost Escafation Per ' 



Ut«r Inpul 




1 

2 • 

^ 2 . ' ; 

3 

55, (Degrees) . - . 
+ ia (Degrees) 
DENVER 

8.3 (BTU/Sq. Ft./Deg.-Day) 

1950. (Sq. Feet) 

$1000: 

$12.00 

.09 (9 percent) 
20. (Year) 
.22 (22 percent) 
.02 (2 percent) 
.30 (30 percent) 
.04^(4 percent) 

$.035 ■ ; 

.10 (10 percent) 



y ^^«PLANATION OF SELECTED INPUT VALUES 

Solar Systtm Typ« ; / * ' ^ ^ * - 

This input parameter covers different types of solar systems used 
for heating and cooling of buildings. For example, the indicator 
(1) above signifies spape heating with liquid collector^, colle(^or/ 
storagQ^ heat exchanger, fan cc W or air dut! heaf exchanger 
systems.-*^- 




COki..^ 

eledni 
heatim 



« (Conven jnalf^allnoS^ 

«)rtural qn. ^Ita^tyrimrm^ LP gas aifi4«?* 
if»pu*i^.an.^dicat(^r -(2) as atfove. \\ means 
used 'for t|?e reference or conventional' 



FuftI Typ« for Soiar Auxiliary Healing System 

These fuel types are usually the same as those for^the reference 
heating system input parameter — natural gas, electricity, fuel 
oil,^LP gas and coal. The indicator (2) represents electricity. 
Collector Tyr^ 

All collector types including liquid, air, evacuated tube, and 
others can be deflrW by this fafcmeter. The Ahdlcator (3) 
^represents a liqi*id, flat plate, .1 cover, setecttic 
collector, ^ 

\ 



e absorber 

•is- « 



OUTPUT 



COLLECTOR SIZE OPTIMIZATIorfteV SOLCOST 

Collector type — flat plate 1 gtasfe selective 
Best solar collector sij^e for tilt ang^le of'55 degrees is 400 sq. ft. 
Solar costs — 1000 fixed -p 4800 collector -|- 900 storage 
CASH FLOW SUMMARY 



lr?put conventional system costs = 0 

Initial solar investment r:: $6700 Down payment = $15Q0 
Financial scenario — Residence , \ 



- (A) 
Fual/Utillty 
Stvlngt 



(B) 
Malnt. 

-i- iniur. 



(C) 
Prop«rty 



(D) 
AnnutI 
Inttrttt 



Tpit 
Stvingt 



Aoan - 
Ptymtnt 



(Q) 
Ntt 
C«th Flow 



1 


500 


70 


135 


468 


181 


570 


2 


550 


73 


140. 


459 


180 


$70 


3 


605 


> " 76 


146 


449 


178 


570 


4 


665 


79 


152 


438 


.177 > 
175 ^ 


f 570 


. 5 


732 


82 


158 


426 


570 


6 


8tf5 


85 


164 


413 \ 


173 


- 570 


7 


386 


89 


171 


399 


171 ^ 


570 


8 


974 


92 


178 


* 384 


168 


,570 
57a 


,9 ^ 


1072 


96 


185 


367 


'|j66 


10 


> 1179 


100 


192 


349 


162 


570 


11 


\1297 


104 


200 . 


329 


159 


570 


12 


11427 


^ 108 


208 ' 


307 


155 ' 


570 


13 


1569 


112 


216 


. ' 284 •. 


15jO 


570 


14 " 


1726 


117 


225 


258 - 


145 


570 


.15 


1899 


121 


234 


23a 


139 


570 


16 


2089 


126 


243 


i 199^ 


133 


570 


17 


2297 


131 


253 


166 


126 


570 


18 


2527 


136 . 


263 


I3t). 


118 


570 


19 


2780 


142 


273 


90 


109 . 


57Q 


20 


3058 


147 


■ 284 


47 


' 99 


570 


totals 


28637 


2086 


4020 


6192 


3064 


11400 



•vISOO (Down Payment) 
^-94 
-53 

-a 

. 42 
98 
159 
228 
303 
387 

480 ' - ^ 

582 • 
696 
821 
960 
1113 • 
-^1283 , 



1904 
2156 

12703 



Payback time for npt c^ish flow to equaH flown payment 
Payback^time for net cash flow to equal^down payment 
Rate' of return on net cash flow " 
Annual portion of load provided by solar 
Annual energy savings with solar system 
Tax savings = income tax rate x (C + D) 
Net cash flow - A - B -- C + E'- F 



8.9 years 
9.9 years 
16.3 percent 
72.0 percent 
91.3 million btus 



0'. 



Similar calculations can be made for businesses and non-profit organizg^tiohs where speciar considera- 
tions such as depreciation and tax deductions are accounted for. 



Fig. 6»8. An example pf SOLCOST use for residential homeowner*. 



* EFFECT OF MOUNTING SOLAR COM-ECTORS 
AT ANGLES OTHER THAN OPTIMUM 

.. For space heating (only) applications, the 
optlmiJjffi anis|e of a sqlar coflectbr with/espect to 
the hcrizon 1^15*' plus the local latitude. For 
heatinAcooling applications (where collector 
heat i« also used for cooling) latitude plus five 
degrees; for* domestic water heating opriy, tilt 
. should be equal to latitude. For ColAJmbus, Ohio, 
Uhe latitude is 40" N; therefore, ^he optimum tilt for 
heatfhg is 40 + 15 = 55* from horizontal; For 
^some InstaJlations it may be impractical to main- 
" tain an optimum tilt. Before deciding to install col- 
, lectors at the optimum angle, it Ts veiy important 
^ that the effect on the efficiency b'f th? collector be 
determin^a and then consider the cost of the ad- 
ditional collector area needed versus the expense 
of an elaborate frame. 

Figure 6-9 graphically illustrates the effect Qf 
changing the tilt on the efficiency of the collector. 
The computation of*the additionaj collector area 
required is also included in Figure 6-9. 

EFFECT OF FACING THE COLLECTOR EAST OR 
WEST.OF DUE SOUTH ^ ^ > 

When a colleetor must be oriented east or 
west of due south, more of the sun's energy which 
strikes it is lost. As irTTRe ca'se of changing the 
tilt, this requires that the collector area be increased 



to compensate for this loss. The gra?ph in Figure 6-10 
will -enable you to determine the efficiency ot^a 
collector which is oriented east or west of due 
south. For example, a collefctor oriented eiast 
of south will be 90% effici]»ni. Using the same for- 
mula as given in Figure 6-9, it can be seen that the 
QOllector rnustjflain be increased by 11% to off- 
set the loss due to the orientation. 

SIZING THE H^AT STORAGE UNIT 

^J^size of the heat storage unit is dependent 
upon the material used to store the heat arjdjhe 
siz^of the collector. For aMypfSisU solar collector 
system the size of the bed storage unit .is*deter- 
mined as shown in Figure 6-11. Section 615-7.3.1 
of HUD'S MPS supplement for sofar heating speci- 
fies minimum storage as not less than 500 Btu per 
square foot of collector^efer to Lesson 4 on con- 
verting Btu storage tt^alloyis of ffaLter or cubic 
feet of rock storage. 



Sizing Heat Exchangers 

A.ttiird major element in m.any solar assisted 
liquid loop systerhs that must be sized is thaKeat 
exchanger. Recall that, in liquid loop systems us'-< 
ing aa antifreeze or special heat transfer liqliid, a 
heat exchanger is used to separate the collector 
loop cgntaining the special fluid from the storage 
loop whicK contains water. For many gating and 



^ as 




= Local Latitude 



Example of HoW'^to Compute Increased 
Collector Area Required, 

1. A collector in Columbus, Ohio, is located at a tilt of 25'', ' 

2. Optimum for Columbus, Ohio, is 40+ 15 :=55. 
Therefore, the collector tilted: at an angle of I — 15. 

3. From t^is angle the collector wilj operate at 90% -efficiency. 

4. To com^jNte th^ increased collector area required (a) use the following formula. 
{ , . . • Where * 

a f= — — 1 € = efficiency of th^ collector (decimal) 

a r= -1=11%. 
.09 

Therefore, the area of the collector must be increased by 11%. 
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Fig. 6-9. Effect of solar collector tilt or solar heating performance. 
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ainconditibriing technicians, this is an unfamiliar 
component; , 

Figure 6-12 shows three common types of 
heat exchangers. A fourth type that may be found 
^n solar systems is an immersed element within 
the storage tank itself. 

^ As noted in an earlier paragraph, the additioiv 
^ of a heat exchanger imposes a penalty on the sys- 



tem, since there must be a temperature drop 
through the device in order to transfer heat. 
• Figure 6-13 shows a simplified collector-tQ; 
heat exchanger loop. In this case, a cou^terflow 
single pass heat exchanger is illustrated. Ttifs 
means that the hot fluid from the collector enters 
the heat exchanger at the point where the heated 
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^Fig. 6-10. Effect of solar collector orientation on solar 
heating performance. 
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Air Systems 

Rectuire V2 to 1 cubic feet of pebbles per square foot of 
collector area . , . ' 

Example: A 260 sq. ft. air collector array is installed in a 
house with a 50,000 Btu h design heat loss and an 
overnight heat load of 287,140 In January. ^ . 
^ storage required: 130 (260 x 0.5) to ?60 (260 
X '1.0) cu. ft. of rock. 

From lesson 4, at a specific heat of 20 Btu cu. ft. 
for rock and assuming a 70 deg. F temperature rise, 
the storage would provide 

130 >f 20 x''70 or 182,000 Btu's or' 
-260 X 20 X 70 or 364.000 Btu's 

Since overnight Ke'at load is 287,1 4p Btu's. a 205 
cu. ff. pebble bed storage bin. would be ad^uate 
and fall within the Vz to 1 cu.tft. guideline. 

Water Systems 

Require 1-2 gallons of water per square foot of collector 
area 



Shell Fluid In 



Fig. 6-11. Sizing solar heating storing units relative to 
collector area. ^ 




Shell Fluid Out 



hree basic heat exchanger types. 



lie 



70 



water I? leaving i^Bp!?'^^y^^^*4^ Thfs 
"coun|^fflow' patlern between hoF«bjj| colder 
fluids^ results In Improved heat transfer, r : . 

The optlmurT3|heat transfer would occur when 
the temperature of the water leaving the ex- 
changer would equal the hot fluid temperature en- ; 
terlngthe exchanger from the collector: Figure 
6-13, this suggests that the leaving water tem- 
perature of ISS^'F equals the collector discharge 
temperature. However, this Is never achieved. The 
leaving water temperature will always' be less 
than the hot.collector fluid temperature. The dif- 
ference between the entering fluid temperature 
from the p^nel and the leaving water temperature , 
from the heat exchanger Is termed the ''approach 
temperatare." Most heat exchangers In solar ap- 
plications are selected based on a 10 degree ap- 
proach temperature. Thus, the Illustration shows 
a leaving heated water temperature of 145'' F. 

As might be expected,' selections based on 
larger apprbach temperatures result In smaller, 
less costly heat exchangers. However, larger ap- 
proach temperatures and sn^ffeher heat ex- 
changers tend to /ncrease the operating temper- 
ature of the solar panel and as described in Les- 
son 3, collector efficiency decreases with higher 
operating temperatures. 

Most manufacturers of heat exchangers use 
computer programs to select a proper unit based 
on the flow and terhperature conditions specified. 

To select. a heal exchanger, the designer 
would have to provide 



I 



1, 



2. 



the desired approach temperature (usually 
10'F); 

collector loop flow rate (from collector 
manufacturer specifications, but usually 
about .02 gpm'per square foot of installed 
collector); . i ' V 

155°: Entering Healing Liquid i 
Frarn Solar Panel 



Solar 
Collector 



Heat 
Exchanger 



Pi/mp 



1D-^ ^135°F 



145°; Leaving Heated Water 



To and From 
i Storage and/or 
Heating Load 



125°F Entering Water 




3. Btuh to be transferred (collector output at 
specified design radiation); / 

4. and either the minimum storage temperature 
^ *?-0l' the flow rate from stprag^ through the* 

heat ^xch|inger. ^ / . 

Because of the^lf^TOlationship between col- 
lector and storage and term^oaj. unit (usually a 
duct coil), a complete analysis of iyatam perfor- 
mance under actual conditions (laboratory or test 
house) must be made to arrive at one or more of 
the four items listed* above. The designer/technician 
must therefore depend on a great deal of assis- 
tance from the component manufacturers to pro- 
perly select Ihe best heat exchanger. > 

Sizing Air Cushion Tanks 

It is necessary to make provision for the in- 
creased volume of water in a liquid solar heating 
system caused by the heating of the fluid. There 
are several methods of doing this. One is to use 
an open expansion tank. This tank is open to the 
atmosphere and must be placed three feet or more 
above the highest point in the heating system. 

Perhaps the more common method of pro- 
viding for |he expansion of the water in a closed 
system is the use of a closed or air cushion tank. 
When the system is first filled with water, a pocket 
of air is trapped within the tank (Figure 6-14). When 
the water in the system is heated, it expands and 
compresses the air trapped within the air cushion 
tank, thus providing space for the extra volume of 
water withqut^creating excessive pressure. 

In any syster^t filled with water, the weight of 
the water develops a pressure known as static 
pressure. The static pressure at any point>if) the , 
system is^equai to 0.43 tlmeS the height of the col-'^^ 
um of water in feet above the point in question. 



ompression Tank Before Fill 




Volume — 100% Air 
Pressure = 0 psig 



Air 



After Fill 



Volume = 60% Air. 40% Water 



Pressure — 9.5 psig '^ 



Air 



Water 



Fig. 6^13. Schematic of heat exchanger circuits. 



Fig. 6-14. Cutaway view of diaphragm air cushion tank. 
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c> Thus, a column of water^jn piping leading \d\ 
\or»from a solar collector on a roof 19| feet above 
would impose a pressure of 19.x 0.43 or 8.17 psig, 
if a pressure gauge Vi^ere cd'nnected at t'he Ipase of 
the vertical pjping. / 

In some solar systems, this "natural'* static 
•^pressure is the only pressure in the collector loop. 
In others, the pressure is increased beyond this 
normal ptressure in order to provide pressure at 
the fop of 'the loop sufficient to prevent 1^ hot 
collector discharge water from flashing into s«l^m. 

PressureA^olume 

Water, Jike other' liquidfe, expands or in- 
.. creases in volume when it is heated. The pipes 
and other components of the system also expand 
oh heating, but not enough to compensate for the 
increase in water volume. For a water system, the 
apparent expansion of the^water (difference ip the 
expan.sipn of the water and the system ~^iompo- 
nents-) is about 0.025 percent per degree change in 
tehiperature. In other wordl^Mf a s.ystem is fill€^ 
with 50 gallons of water at 60°F, and is then 
heated to 200°F, the 50 gallons of water will in- 
crease in volume by 50 x 0.00025 x 140 = 1.75 gal- 
lons. Therefore,. the 50 gallons of water at 60°F 
becomes 51.75 gallons at 200° F. The compf^s- 
sion tank must permit thfs expansion and, at the . 
same time, mairitain the maximum pr-essure de- 
veloped in the system below the maximum allow- 
able pressure of the collectors and other com- 
ponents. 



Diapl:iragm Air Cushion Tanks 



quatelv protects a system from exceSBlve pres- 
sure fesullirf|ljffom temperature changes AA/ithin. 
the system, its use results in air under pressure 
being in contact with water at relatively low 
temperature. This occurs at the air-water interface 
within the. tank. Under these conditions, the water 
has the abiirty to absorb, or dissolve, some of the 
air in the tank. Later, as ihe water in the system is 
heated, some of this absorbed air is released from 
the water, since the capacity of water to absorb 
air decreases as the water temperature increases, 
this air must then either be removed by' venting or 
it must, in some way, be returned to the air 
cushion tank. If it is vented from the system, the 
process, will continue until, finally, all the air is 
removea from the air cushion tank and the tank 
becomes waterlogged. When this happens, any 
increase in the temperature of the water in the 
system results in an excessive increase in system 
pressure, To correct this condition, the tank must 
again be. recharged with air. 



One method of combatting the problem is the 
use of a diaphragm air cushion ^ank. In these 
tanks, an impervious diaphragm separates the 
water from the air, making absbrption of the air by 
the water impossible. ' . 

Usually the diaphragm is made large enough 
that it can lay across the sides and bottom of the 
tank, as illustrated in Figure 6-15. The tanks are 
pre-pressurized on the air side of the diaphragm 
to approximately 6 psig. Under these conditions, 
not only is the air and water kept apart, but 
smaller tanks may be used. 

Determining the correct sizi^ expansion tank 
is quite involved if basic formulas are used. For- 
tunately, tank manufacturers have computed sim- 
plified tables for their specific designs to ease the 
selection process. i 

Table 6-3 is one exam[ple of a sioffplified se- 
lection table. Here, the tank size is given in terms 
of gallons of 'tank capacity per gallon\)f water in 
the loop. Thus, a loop with a fill pressure of 12 
psig for an elevation of 19 feet would require a 
aonventional cushion tank with a capacity of 0.22 
gallons of water in the loop.jlf a loop contains 25 
gallons of water, then the expansion .tank must' 
have a capacity of 25 x 0.22 or 5.5 gallons. A dia- 
phragm tank could be slightly smaller (.17 x 25or 
4.25 gallcjfts). ' . <^ 

If the fruid in the collector loop is not water, 
then the expansion tank hria^( have t6 be increased 
in size if the fluid's expan^idnVate is greater than 
that of water. Table 6-4 sbows.corre^tjpn factors 
for ethylene glycol (antifreje.zeJT in various concen- 
trations. For a 50% concerltilgi^ion and a 150°F de- 
sign temperature, the tank size would have to be 
increased by a factor of 1.8 (1.8 x 5.5 or 9.9 gal- 
lons). This correction was frequently overlooked 
in early solar designs. 

Manufacturers of specialized heat transfer 
fluids should provide correction factors in orr:^ to 
properly size the expansion tank. As in all cases, 
follow the manufacturer's recommendation on 
sizing. 



No Pressure on 
System 



System Under 
Pressure 




To System 



To J^s[em 

Fig. 6-15. Conventional closed expansion tank: 
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Sizing Air Heating Coils 

Air heating coils are used to transfer heat 
from hot water (or steam) to air. They are used as 
terminal units in conventional hydronic heating, 
systenjs for applications such as tlie heating of 
ventilation air. They arejjso used for tempering, 
reheating, or booster heatirf^ of circulated air for 
either comfort heating or process applications. 

Modern ai^jsheating coils are of finned tube, 
construction (F/gure 6-16). The tubing is usually 
copper, and the extended surface is either alumi- 
num or copper. The coils are enclosed in a casing 
designed to be installed- in a duct system, so that 
' the air being circulated is blown over th<^ external 
surfaces of the coil while the hot waler is cir< 
culated through the tube. ; ^ 

Coil ratings are bsused on. a uniform 3ir veloci- 



ty over the face of thefcoil. Non-uniform air veloci- 
ty may reduce the'output. The output of a hot wa- 
ter coil used for heating air is a function of the 
entering and leaving waterlemperature, the vfater 
velocity, the entering and leaving airtepip^rature 
and the face velocity of the air entering the co"' 
Each manufactur^r^has devised its own methda^; 
pfesenting ratings in a set of.tables^ charts an<J/j 
computer selection procedures.^ Detailed instn 
tions are provided for selecting coils when the key 
variables are given. / 

/ For comfort applications; it is possioTe to set 
some'?>ractical limits on the temperatures, flow 
rates, etc. needed to select a coil: 



air velocity across the coil shquld range .from 
500 to 600 -feet per minute 



storage water (supply) 
range from 120 to 160*F. 



temperature will 



( 



entering 
68-72 "F. 



air temperature will range from 



water temperature rfrop through the coil will 
range from 10 to 20° F. 

totaj system air flow rate wMI tie determined 
by auxiliary heating! orcooling requirements. 



Tubes 
(in Face) 




Table 6«3. Simpli^fied expansion tank selector proceduKe. 



Frg. 6-16. Typical in-duct, hydronic coil. 





Max. Height 


/ 


Air Cushion Tank<' " 


Dliphragm Tank 


Irritlal or 


of Syitem 


Capacity in Gallons ' 


•Fill. Preisure 


Above Gage 




Per Gallon of Waler 


Pre Pressurized 


pilg 


. « 




in Syitem 


lo 6 psig 


4 


0 




0.10 




6 


5. 




0.12 ■ 




8 


9 




0.15 


0.11 


10 


14 




0.19 


0.14 


12 


19 




0.22 


0.17 


14 


23 




■ 0.26 


0.20^ 


16 


28 




0.32 


a24 ' y 


18 


32 




0.39 


0.29 


20 


37 . . 




0.48 


X* 0.36 


-^22 


42 




0.63 ' 


0.64 


24 


46 




0.85 


This table is based 


on a final pressure 


of 30 


psig at the low point 


in the systerh 



and an initial fiM temperature of 60'F. 



Table 6-4. Correction factors for tank sizing when anti-fre0ze used. 



ftiterpolated from Union Carbide data book. 



Use- 150 F column for temps below 150 F. 



Percent of 
Ethylene Glycol* 
by Volume 


■ Approx. * 
Freeze 

PI. =F 


' Maximum Design Temperature" 


150^ 


160^ 


180 


200 


220 


240' 


10% 


-f-25 ' 


1.15 


1.13 


1.1 


1.09 


l.rffe ■ 


1.05- 


. 20% 


4-16^ 


1.31 


1.29 


1.24 


1.18, 


. 1.15 ' 


1.12 


33% 




1.6 


1.52 . 


1.44 


1.37 


1.3 


1.23 


50% 


-34^ • 


.1.8 


1.73 


1.6 


1.5 


1.42 

* 


1.36 
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Suppose the Space heating load in a solar 
liquid-tO'-air system is 70,500 Btuh. Assume fur- 
" ther that the cooling unitVeqyires an air flow rate 
of 1200. cfm. 

Firsf, calculate the required coil area. 

Taking 500 fpm as the face velocity and di- 
viding it into the total system cfm, the result is: 

Total Systeqn (cfm)/Face Velocity, (fpm) =^ poll 
Area (sq. ft) " ' . ' ^ v 

120^/500 or 2.4 square feet of coiF area' requir#"d. 

If there is a 20'*F temperature drop through 
Ihe coil, the gpm of water that must be pumped 
ytrom storage is 

Space heating load (Btu)/[(lb/gal x min/hr^x 
specific hea^1)'x Temp*. Dropf^F)] = yolunrid of 
wtter (gpm)' . " \ - . 
70,500/(8.34 X 60 x'20 >: 1) or^7.05 gpm. 

Aj^sume that^the return air^temperature js 
'70^F and the supply water temperature from stor- 
age at design conditions is 150**F. Then, referrjng 
to Table 6-5, coil A has an output of 72,800 Btu/fVat 
; , these conditions. This i.s adequate for the pur- 
poses of this lesson. 

• - Complete manufacturer's literature will, of- 
course,' offer many titles for coils of different 
areas, flow rates, and entering conditions from 
which to choose a unit for a given system. ^ 



SIZING FANS, PUMPS, DUCTS, AND PIPES ' 

The sizing of fans, pumps^^ducts,- and pipes 
wijl be familiar to most people taking^his courser 
For thc^e who may need to review these pro- 
cedures the following references are suggested: 



Table 6-5. Sample coil output where coil^rea iS 2.5 sq. 
ft. and wdler flow rale is 7 gpm. / 



Coil No. 
Nom 1 
CFM 


Enter 
Water 
Temp F 


r^*_.^ Entering Air TemperJlure 


; 70 F> 


84 F 


88 F 


9Q F 


94'F 


98 T 


Coil A 

aoocfiM 

1200CFM 

V 


120 
130 „ 

' HO 

150 


41 4' 

^ 48 2' 

55 0^ 
1- 


25 2 
32 0 
38 8 
45 5 


22 5 

" 29 3 

36.1 

42 8 
• 


21 2 

34>> 
41$ 


18.5 
. 25,3 
320 
38' 8 ' 


15.8 
22^ 
2M 
36.11 


120 
130. 

'^Vl50> 


45 9| 
549, 

.|72 ^) 


33.4 
42 4 
51.3 . 
60 3 * 


29 8 ^ 
38 8 
47 8 
56 7 


28 0 
37 0 
46,0 
54 9 


24 4 
334 
42 4' 
51 3 


. ?0.8 
• 29,8 
38 8 
47.7 


.Coil B 
* 1600CFM 

-♦ 

2000CFM ' 


120 
130 
140 

150 . 


59 5 
7M 
82 7 
'94 3 


43 3 
54,f^' 
66 5 
78 1 


38 7 
50 3 . 
6K9 " 

73,5 


36 3 
- 48 0 
59,6 
71 2 


31 7 

43.4 
55 0 
66 6^ 


27 1 
38,8 
50.4 
" 62 'Q 


129-^ 
130^ 
1.40 
150 


"^60 1 ' ' 
^71 9 

. 83 6 

95 3 


- 4*3 8 

V55 5^ 
67? . 
7T0 . 


39 1 . 
50 8 
62 6 
74.3 


36 7 
48,5 
60 2 
72.0 


32^^ ^ 
43.8 ' 
,<&5 5 
67.3 


27 5 
. 39.2 
50.8, 
04.6 
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Duct Design: Appendix B and C of this docu- 
ment ' 

Section 3 of SMACNA Solar 
Standards for a detailed discus- 
oSion of duct design 

National Environm'^ntal Systems 
Contractors A.ssocjation. £qft/)p- * 
' ment Selection and ^ysfem De- 

. " sign Procedures, 1228 17th St. 
N.W. Washington, D.C. 20036 

Pump Selection: Appendix D of ttiis document. 

Pipe Sizing: >^ppendi^ D of this document. ' . 

I^ATIONAL SOLAR HEAThNG AND COIDLING 
INFpRMATION ceNTER 

Public Law 93-409 made it possible for the 
■ Department of Housing and Urban Development 
arid ttie Energy Research and Development Ad- 
ministration to establish the National Solar 
Heati/rg and-^et^flng Information Center. The pur- 
pos^of this center is to provide a complete, one- 
-sfep 3ervic'e*facility for all information about solar 
heating*and cooling. For'example, it is possible 
for 'designers, engineers, installers, service per- 
sons, and others to obtain general information 
about solar heating systems and. to have their 
name added'to'a categorized m^ailing list. Once a 
name is orj the list/ current, continuing informa- - 
tion about various areas of interesNvlH be mailed 
as it be6bmes available. • 

The center niay tie contacted by calling 
.800-523-2929 (toll.f'ree) or by writing: Solar Heat- • 
ing, P.O. Bglx 1607, Rockville, Maryland 2085p 

SUMMARY V 

Sizing the components of a solar hvetiting sys- 
tenri begins with the determiniSition of the collector 
size. In this unit, many techniques for determining 
the collector size were introduced. The simplest 
•techniques are **((p[^-of-thumb" procedures. Con- 
siderably more accuracy can be achieved using 
^a^ developed by manufacturers of collectors. 
Generally, these data are available in easy to use 
table form. The most comple'te an^ccurate anal- 
yses are prepJared by computers bas^d on de- 
tailed input data provided by the designer. » 

Life-cycle-costing vvas il^t^oduced as a tech- 
nique for determ*inirtg the mast economical instal-^ 
Jation. Research data suggest that^a solar heating 
system w|iich will furnish 50 tQ"^70 percent of th^ 
gnnual heating load^ will generaUy the, most 
economical installaHonr 

; The effects of mounting sojar'collectors at an 
angle other than optimum and facing them in. a 

' 1^ 



directibn other than due south were presented. 
Graphs were provided. which enable the designer 
to determine the reduction in efficiency of the col- 
lector for both of these conditions. 

Sizing procedures for the heat storage units, 
heat exchange^, air cushion^tanks, heatihg coils, 
fans, pumps, ducts, and pipes were*dis(ii)ssed. 
Sev^l references were cited to provide addi- 
tional informalion about sizing eacti of^^ese^ 
components. \ . \ 



V 



\ 




• V 



4* 





> 



t 



If' . 



1, 



ERIC 



t 



6-14 




OPERATfON OF SOLAR HEATING 

SYSTEMS 



4 



Collecting, scoring and using solar energy for 
space heating requires the .control of air or liquid 
flow (or both). In Lesson Five, tt^e various types of 
cantrols and controlled devices that are likely Ko 
be found in most solar heating systems were pre- 
sented. 

In this lesson, the basic operating modes 0*^ 
solar heating systems will be covered. Those de- 
vices and procedures reviewed should be consid- 
ered the most common approaches. Quite ob- 
viously, there exists any number of highly special- 
ized proprietary controTconfigurations and more 
aYe sure^to follow. Therefore, 60 not assume that 
• what is learned here is the only way solar system 
OpJerating cycles may be accomplished.' 

ALL-AIR SYSTEMS # 

There ar^e four essential;Operating modes for 
> a soljar assisted air system: (1) space heating di- 
rectly .from collector, (2).space heating from stor- 
age, (3) space heating from auxiliary, and (4) stor- ' 
Ing fieat. A fifth mode would be domestic water 
heating, if so^'equippted.. 

. As noted^ Lesson Five, a two-stag^ room 
thermostat is typically (but not alwa[y5) used to 
^ense space temperature^d initiate demand, 
^he first stage usually operates the^solar system 
and the second stag^ operates t^Te backup heat- 
ing system. - ' ' - 7 

Darpper J-1 1 — 



Heating Directly From the Solar Collectors . 

When the sensor in the discharge air stream 
of the solar collector indicates that the collector 
temperature exceeds a pre-deternnljned point, and 
the room thermostat is demanding heat, then the 
operating mode is as shown in Figure 7-1. 

^ The duct arrangement shown in Figure 7-1^n- 
dicates a two-blower system. This i3 fairly typical, 
although a single blower configuration is also used 
(Figure 7-2). More exotic designs may even in- 
clude three blowers. Also, for simpllcy, manual 
and back draft dampers are not jllust^ated 

For the arrangement illustrated, dampers d-1 , 
J72 Vvould be positioried to isolate the Storage cir- 
cuit, damper J-3 would be opened, and the econo- 
mizer would be closed. The air flow path would 
^Jpllow the shaded area, provided, collector flow 
rate and auxiliary heating air floW requirements 
were the same. If there is a differencelh ai/ flow 
reqi^jrements, then the bygass dapnper J-4 would 
be opened and some portion of the air ffow would 
circulate through the bypass duct. Thus, if collec- 
tor air flow was 800 cfm and the auxiliary furnace/ 
AC unit required 1200 cfm, 400 cfm would flow 
through the -byftafes duct. In this mode, both the^. 
furnace.fan and crMlector fan are operatfng. 

Heating From Stprage 

When the col tector air tem^j&t^ture is belo w a 



On 




ck Storage Bin 



Furnace/Ac 
Unit • 



Supg^ly Air 
V 



\ 

Bypass 
(Optional) 



Damper J-3 



El 



Air Space) A 



Return Air 



^ Room 



Damper J-2 



COI^DITIONS: ^ \ 
J. Airspac^ requires heat (A). 
2. CQllectbr^emperature (E) exceeds control point. 





' VV — 

Bypass Damper j-4 



Outside? 

Air r 4 

Closed- I V 



Economizer K 



Fig, 7-1. Heating directfy it^m collectors of an Ali-Air System. 
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ater Heating Coil 




Rooms 



To and Frotn 
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f: 




From ^ 
Collector 



Fig. 7-2. AfThandl^r, single bIdWer system design. (Sketch 
above shows use In complete system) 



predetermined set point, and the storage tqmpera- 
ture'is abbve a specific point (e.g., 90** F or above), 
then dampers J-1 and J-2 are repositioned to direct - 
the air through the rock st^orag^ unit. At this time, 
the collector fan would s^ut off. (See Figure 7-3.) 

Meriting with Auxiliary Furnace/AC Unit 

In most Instances, when the temperature 
drops |in the rock storage and fails to s/tisfy 
space heating n6eds, 'the space temperature will 
drop hn6 the second stage of the room thermostat 
will close to start the auxiliary heating. This unit 
may be a gas, oil or electric fUrnace or per'haps a 
hea^t pump. Figure 7-4 illustrates the flow qath for' 
this mode. 

r. ^ ■ ' 

storing Heat _ . 

When there is no demand* for heating from 
the first stageo^he rpom thermostat but there is 
collectable ^^gi the system switches to.ttie heat 

, storage mode^igure 7-5 shows the'flow path. In 
this mode, dampers J-1 and J-2 are positioned to 
route the discharge air frbm the collector through 

■the pebble-bed storage. Jt]e collector fan i^ on 
and the .auxiliary furnace fan may be either on or 
off, depending on the use of CAC (Conrinuous Air 
Circulation) or cycle fan operation. 

Please note that* the flow path for storing 
heat is reverse of the path used to remove heat - 
during the heating from storage operating mode. * 
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Air' 
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QPNUtTIONS: ^ 
'1. Airspace requires heat (A). ^ 
^^^Collector temperature (E) is below control 
^/*3. "dto rage temperature (G) rs above control 



Bypass Damper J-4 



Gutside T ' 
Air ,? ^. 
Closed J 

. Ecortom 
it 



iVer K 



point, 
point. 



Fig. 7-3. Space -healing from storage. 
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Damper J-1 



(Collector; 
■ E 




Bypass 
(Optional) 



► Supply Air 



' f 



Return Air 



m 

T (Air Space) 



Damper J-2 



CONDITIONS: 

1. Airspace requires heat (A). 

2. Collecto^temperature (E) is below coritrbl, point. 

3. Storage terhperature (G) is below control point. , 

4. Furnace is energized by 2nd thermostat stage (A), 



Damper J-3 

n '■ .; ,,. '^ '^ 

^"^'^^^--^^^--^ ; . Outside T ^ 

Bypass Damper J-4 | Closed f X. ^ 



Economizer K . ' 



^jt^r-A. Heatirtf^using the auxiliary heating unit 
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. 1/ Airspace^eso't require heat (i^/ _ 
2. Collector, lemperature Qxcee^ forage temperature (D). 
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Fig. 7-5. Storing heat; 
7-3 
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. This flow path direction is essential to take full 
advantage pf ^thj^^temperature stratificatioTi which 
t)c€urs in the rp^^c^gtorage. Thjs permjts the hot- 

^teVair to be yl^PSd When heating from storage/ 
In a typic&T^eiratior>, the collector fan would 

:^be turned on whenever the^emperature difference 



1 



Heated ^ - pressure Relief Valve 
Air , ^ 

from Aquastai 
' Col- 
lectors 



Qold In - 




Blended 

Ml:(ing 
Valve 



J ^ Circulatinq^ump \^ 
^ 'Hot Waler Coil storage Tafrik Service Hoj Water 
Air Handler- . , 

(Research Products) 
I It ' ^ 

Fig. 7-6. Preheating domestic hot wsKler with an air syster 



between the air entering ar^ leaving the collector 
exceeded '26 degrees, regardless of^ demand fpr" 
heat from the room thermostat. Dampers auto-. * 
matically adjust for th^ storage mode and heat - 
storage continues until the room thermostat calls 
for heat/ / , > 

* , ■ 

Donfiestic Wat^r Hdating 

Prehearing of domestic ^wgiter is pos^ibtBNJX 
an all-air solar system by the addition of amjvtube. 
heat excJianger in the air stream leaving The\:ol- 
lector, Ffgure 7-6 illustrates the concept. ' - 

A small' circuiator pumps water thrpugh tfie 
coil and into a watef storage tank. ^Preheated 
wat^r from the storage tank is then drawn into the . 
conventional DHV\( heater. The pump is turned on 
whenever the collector fan is on and.the tempera- 
ture in the wat^r storage tank is less than about . *. 

Sunygier pperation. -FTQure 7-7 illustrates a 
possible bperating mode where conventional 
cooling coupled to »an economy cycle might be 
employed. ^ 

V If the room thermpstat calls for-cooling, the 
bypass damper,' J-4 is positioned t(> direct, return 
air through the bypass duct ifito^ the furnace/air 
conditioning unit. The collector locrp and storage- 
circuit are now isolated.. Conventional 'Co6J'ing * 
can then be accomplished. . 4 



T (Collector) 
E 




4^^Fan ) \ 

^s^^ Damper J-; 



^ „ , / ' Economizer K 

" . ' » * - / '.'; ■*'. \ «■ 

CONDITIONS: ^ ' , . - ; . , ' ^ 

1. .Airspace require3iCooling (;fti.' 

s2. Quts.ide condilions (C) are satisfactory for prq^viding cooling with economizer (K). . . ' 
3. tf load cannot 6e met. with econ6rhizer (K), conventional cooling system m\i be Energized ftom (A). 



^ Fiq. 7-7. Sii 



1 



Fig. 7-7. Summor cooling mode. 
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Whenever outdoor ternperattjre andrhufnidity 
^ are low. enough, th*e economizer 'datnpers will 
open. Then, outside air will" be used to provide 
space cooling rather than the mechanical refri- 
geration unit. ^ i 

Also, during summer months, iVis possible to 
use the,>f ollector Ipop to provide preheating, of 
domestic water ita second bypass duct is insiall- 
edjR) that .the storage loop is isolated. Figure 7-8 
illjBj^ratgs this arrangemeh/. ^ 

ni^/this mode, ^jnanual damper, J-6, is'ope? in 
the^unnmer and a manual dam'per,, J-5,j*n the stor- 
.age. loop is closed, At the start of the winter 
heating season<,\these^dampers must be changed; 
J-6 IS d^sed and J;5'is opened. Another design 
(not shibvjn) uses outside air to' supply collectors 
and. after passing through the water cojl, the air is 
discharged to the (^utside. Figure 7-9 shDwsione^ 
typfe of air handler used in an affair system in-^ 
eluding the DHW coil. ' ^ ^ 

TCi>fevent scalding watfer from ent^ing the 
domestic hot \^ater line, it^^^necessary to install a' 
thernn6static mixing valve irt the p'ipe fr^m the hot 
water heater the themostatic mixing valve is con- " 
nected to the cold water'suppV piping and the hot 
water line (i^fer to Figure 7-6). The valve's purpose 
i? to mix cold water with overheated water to in- 
sure that th^ hot water tV>perature will remain 
nearly Constant at the faucet- The fha-mostatic • 
mkiJig valve wi;pbe particularly importam during 
the sy/niTier months when solar enerqv is plert- 
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In case the water were to,^overheat, a tem- 
perature/pressure (TIP) safety relief valve , is in- 
° stalled at the top pf'the solar heated water sto^ 
• age tank. A drain line from the J/P valVe to-a point 
near a floor drain will prevent escaping water from 
causing any damage. 

iMRORTANT DESIGN AND INSTALL>TrbN 
FACTORS ' ' 

. '^Blower powe> an0 air leakage are the most 
inrrportant factors in the design and inst'allation of 
an air solar heating system. A-weli-designted. sys- 
tem will have an equ,al pressure loss in the collec- 
tor ahtJ'the storage of approximately 0.3 inch of 
water. THe addition of ducts^and filtersxould in- 
crease the total pressurfejoss for the system to as 
^ much as one inch of water? Because this pressure 
^ loss is aboui doable jhatJound in a conventional 
forced air heating -system, larger b!owprs are*re- 
quiredrThe 'proQe^Ts of storing jenfergy requires 
^that the blowers run more' hours per day. Vhere- 
fore, a one inch of water pressOfe loss is the mi||;i- 
mum acceptable from the standpoint of^ blo.wfer! 
operations cost. ^ / .. . ' 

Lo^s of heat and ppessure dae to^ir leak^ffe.' 
is moraof^a problem in an air solar heating system 
than a conventional forced air heating system. 
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Fig. 7-8. Summer domestic water heating with ah all-aiV^ 
system. ^ " \^ 



Fig. 7-9. Typical all-arr solar aiV handler.^ 



3 is due to four different factors: (1) air pres- 
re in the system Is higher, (2) there Is more duct- 
ing, (3) the system runs'more hours, and (4) there 
may be more ducting through unheated space. To - 
prevent ieal<age, ducts must be taped well- at all 
joints. Fiberglass board or fiberglass lined sheet 
metal ducts should be installed which have an in- 
sulation valve of R-4. This will reduce heat 
loss through the ducts to an acceptable level. 

Duct sizing should be b^sed on an air velo- 
city of 700 to 1000 feet per minute (fpm). All duct 
bends should be fitted with. turning j/anes to re- 
duce pressure losses. * „ /~ 

Biowers should be forward-curved squirrel 
cage 'type. To a^phieve quiet operation, blowers 
Shouli^ ba belt driven at 900'tQ 1700 rpm'. Flexible 
connections between blowers and ducts will add 
Veatly to the quietness of operation. Direct driven 
blowers^ with the motor in the^air stream have^a 
shorter service' life than externally mounted • 
motors, " ' - V • • 

Dampers fitted with Ijve rubber seals are rec- ' 
omrnended 4f6r'f>bsltlve shjjt^off and smooth op-. ^ 
eiTation. ^11 damper drive jpiptors should be loc?- • 
tfed on (he outside of ducts with^^irect cpupfing to 
th§^damper^s|iaft through flexible linkage. Addi-/ 
tional'sa/ety and reduced; wiring cost' can be. 
achievfed by installing low voltage (24) damper 
motors which have spring returns. \ ^ 
. Bacl< draft dampers m^y be of the shutter or 
type. They musfbe mounted t6-provide a posi- 
tive ^eal against reverse air flow. ^ '^^'-^ 
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Fig, TAti A r^esentatlve^olffr space and serylce hot 
water system wlthoi|t direct 4|eatm^ from collectors. ' 





HEATINGnSffrrffAflYBftONlC 
SOLAR HEATING SYSTEM 

. Liquid (hydronic) $olar heating systems oper- 
ate basically the.same-way as air solar systems. 
The'oiost basic difference Is the addition of a 
llquld-to-water heat exchanger In closed systems. 
Xisp, some liquid systems are arranged sq that 
the modes of operation are simply (1).storing heat, 
(2) heating from storage, and (3) heating by auxli- 
iary. Space heating directly from collectors Is not 
possible. (Figure 7-10 Illustrates one- example.) 

One disadvantag^of systems that eliminate, 
direct collector heating Is that collector^ must 
always operate above "storage tank l^mperatyre 
and[ hence, at a higher Inlet ternoerature. .Thi.s 
lowers collector efficlfeacy. ] 

rn systems where heating frprnlthe collector 
is provided, lower i^n^perature \«)^ater can be used, 
to effectively; heatt'the 6pace,jU)u$ increasing 
energy utilization. To take ;full*advahtage,/ how- 
ever, the iermlnal (sf^icfe heating) device must 
alsoVt)j8 able to utillza low temperature water to. 
heat successfully i'Th^s usually rules out hydronic 
baseboard units sized for 220° F water, and many 
^ liquid systems use duct coils to.transfer heat to 
clrcQlatlng air. (Radiant floor-panels operatlhg at 
110°F are another possible^ption.) 

Figures 7-11 through 7-1*3 illustrate a typical 
'hydronic-to--air solar heating system with most 
spi^ialty items omitted for^claflty, Accompanying 
Figure 7-1-1 is a table which surnmarizes the con- 
ditiort of each'punlp and blower fti the systenri for 
-each operating rnode. 

Sfensprs in the, collector and solar heated 
watpr storage tank, along with a thermostat 
located in the space to be headed, provide the nec- 
essary Information tp^a.centrail control unit. Bas6d 
on the information <<electncal fer^jals) received, 
the central contfol urwt opens or clones valves 
and ^ctiva'tees the appropriate purfiiis apd/or 
blowers.. This control system makes the' system 
completely automatic. " ' ' ; 

Heailrig fro^m the Collector • 

; In Figure 7-.11,,. space heating i)S being ac- 
complished from the cpllectors,.».Ttie ro6m thermo- 
stat has indicated a need for heat and the sensor 
In the collector* is abQve ^sdme predetermined 
point, 1or example I^O°F pr*higher. The collector, 
pump and storage pump ar6 turned On and; the li- 
jid/water flow is as-indicate,d through the diict 
)ll. The7urnace x)r air handler blower is also on 
Jateroom air oyer the now hot «oil. 

frortl^Stfcirage 

jure 7-12,;ith§^oom still requires heating 

y-- ■ ■ 

■ S'^'-'t " ' . •■ • ■ 




.but the collector temperature is below the cor>trol 
poinf while the stbrage , temperature exceeds^ its 
^control pofnt, again perhaps 90"F. Both storage^v 
and collector pumps are stopped and the' load 
pump is started to take heat from storage and cir- 
culate It ttwqugh the duct coll. 

HffM Pump^^sed for Auxiliary 

As notdd in Figures 7-11 and 7-12, if a heat 
pump is uafed for auxiliary heat, the duct'coil 
shpuld berflaced ahead of tbe^heat pump refrig- ? 
erant cpwn'his ls necessary to ^void higher head 
pressure on the compressor due to higher tem- 
air moving through the refrigerant coil, 
with the duct coil in the supply system, a 
higherVctJt"Of,f temperature,,, perhaps I20°f* vs. 



90^/Tiust be used f9r the return side coil. Rais- 
ingiT>(a^m^lnr^um "draw down" storage tempera- 

^'^'^^ '^^^^^^Jii^ overall efficiency of the solar 
syster*^^^"""^^ 

Storlng4|ei 

Hgurfe^a illustrates the heat storing mode. 
Space conditions are satisfied, but the tempera- 

' ture differential'between the collector and stor- 
age Is high enoflfeh, 20°t^:for^xample, to initiate 
collector and storage 'pump operation. Divertf?ig 
valve one is activated to divert thetJischargefrom 
the heat exchanger Into the fop of the storage 
t^nk. The storBge pump removes cooler water at 
the boftorp of the tank ^ncJ recirculates It through 

, the heat exchanger to be heated. 



Operating Mod* 



. 8torag«/Con«ctor 
Piimpt 



Loai 
Pump 



Auxiriary ^ * 
Hcatftr . ^ 
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' On or Off 



Off 



Off 
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Off 
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T (CoUectorjjJ^ 



T (Over Temp) 

F ' ^ 




, • NOTE: If heat .pump js used, .solar coil is placed downstream from hgat purpp coil. 
Conditioos:"^ • . • ' v ' ' . ^ ^ / ^. ' ' 

t. Airspace requires hdat. (A).- 
^ . 2. CQllector temperature- (E) exceeds' control point. ' 



J-l^ HMflng from the c6llector> 
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T (CoUector) 



/ T (Oy«ir Temp) 
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' NOTE: If heat pump is used, solar coil is placed downstream from heat pump coil. 
CONDITIONS: 

. T/ Alrspace requires heat (A). 

-^■2. Collector temperature (E) is below con.trol point. " , 
>'3. Storage tempfiratuce (G) exceeds control pointy . 



Figi 7-12. Heating from storage. 

Diverting Valve 1 , ^ 



T (CoJTector) 

• E, ■ 

T (Over Temp^ 
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Diverting Valve^? 



*^OTE: If heat pump is us^d. solar coil is placed downstream frorn heat pump coil. 

COJNDltlONS: " 

1. Airspacs does not require heat (A). , ' , • 

.'■'\-2. Cplle'ctdr* temperature exceeds stofage temperature AT (D^T- 



Fig, T-'ia. H^t storage mod^^ 



CONTROLUNfi THE SEQUENCE OF 

operation" 

These operating modes wi^^o.w be describ- 
ed in greater detail using a control schematic 
along with a system diagram as stiown in Figure 

First Stage Heating from Collector 

Thermostat TSI positions valve VS through 
R1 to direct flow to the load coil. Collector pump 
P1 and storage pump P2 are enabled to run 
through relay R1. 

If the collector plate temperature TP is 



greater than QO^'F (adjustable), then pump P1 will 
operate through\relay R3 (in^ series with R1). A 
time delay wilj delay purhp P1 shutdown to pre- 
. vent short-cyclirig. Pump P2 operates only when 
pump P1 i^ operating and is controlled by relays 
R1 and R3A a • 

Valve VS is also under the contrdi of the high 
limit air'temperature senior TA through relay HA- 
^to divert fibw from' the coil if the discharge air 
temperature exceeds the set point (make 140** F, 
break 120°F).- If first stage heating is satisfied,' 
valve VS is positioned to divejjl flow to the storage 
tank. Relay RF ttirough sensor TF wHI inhibit the 



. Cool 



Collector Pump 

T Collector Limit (T, ,) - 

PI 



\^ Stage Htfat^TSI) 
2nd Stagd Heat (TS2) 



Diverting Valve 2 




<Jh) Diverting Valve 1 



D/X Coil 
- Heat Exchanger 
■Burner 



.VP 
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Lk L", a. Power iri line voltage • 

M — (Xake contact t^i^ ^ ^ 
~ Breajt^^ontafct temp 



Figure. 7-1 4/ Syitem control schematic 
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fan until the fluid temperature* is at Idast 85° F 
(make 85° F, break 75° F). The furnace fan operates 
in first or second stjage. ^ . • 

First Stage Heating from Storage 

Heating from storjage Is accomplished when- 
ever eliergy is not available from the g-ollectors; a 
heating demar^l occurs and energy is available 
from storage. . ''^ 

On a can for heat; thermostat TSI throAigh^ 
relay R1 will enable pump P3 to operate. Punf^ P2 
is interlocked with pump P3 such that P3 will 
operate only whfih^P2 is not operating. Pump P3 
will operate if the st6rage tank temperature TT fs 
§(%ater than 90° F ($idjustabl'e) through relay R2 
which is in series with R1. ^ v ^ , i 

Second Stage Heating ' 

If first stage heating cannot be satisfied, then 
fhermbstat TS calls for second stage heating. 
First stage heating contifrues during second 
stage heating: . ^ 

Cooling , ' ' 

Conventional q^trolfe and sequence are us- 
ed f«r air cooling. ^ 



Storage Tank Charging 

Charging is accomplished by diverting flow 
to storage through valve VS. Storage can occur 
only when there is no call for heating. When there 
is no call for heating, pump P1 and hence pump 
P^^are under the control of tlie differential tem- 
perafure sensor Delt^ T through Rel^y'R4. Pump 
P1 .can run when TP is* greater than TS by ten 
degrees Fahrenheit (adjustable). The time delay 
prevents short-cycling of pump P1. 

In sofffie installations, a purge cycle-is used 
to prf vent^verheating 6t<the collectors. A number 
of manufacturersjnclude a purge or dump cycle 
to discharge unwanted heatir^tO' the atmosphere. 
In Figure 7-^15, one possible purge cycle is il- 

"lustrated. B^fe^^^orage and bad pumps are off 
>and the colrBSltr pumf^ is operatirTg. Diverting 

. valve 2 is Activated 'and diverts^ heated ^ter 
through the purge coil to be dissipated into*9i| at- 
mospherfe. , 

Domestic Wat^r Heating , 

Prehe'ating of dome^itic hot water involves 
yet another operating mode. One example is- 
show/n in^^igure 7-16. This is actually a sub-circuit'-^ 
of the system shown previously rn Figure 7-10. 



T (Collector) 



T (Over Temp) 




□ 

pivertin^ Valve 2 



• NOTE; If heat pum^is used, solar coir-^ placed downstream from^ heat pump coil. 

CONDITION: ' ' 
1. Over temperature dondilion ext^ts in system (F). 



Fig. 7-15. Purge cycle discharges unwanted heatto the atmosphVe 



modes for this system: 

1. Storage water 80*F or above, solar heating 
through duct colL 

2. Storage water between SOTand heat ^ 
pump extracts »heat from storage, boosts 
temperature via refrigeration cycle and sup- 
plies Indoor refrigerant coll placed In duct. 

3. If storage temperature falls below aux|| 
llla'ry heat raises the temperature of the 
storage tank to 

lis case, the use of the y»ater-to-alr heat^ 
pump pemnits greater drawdown of storage tem- 
perature vkljch, as noted earlier, Irnproves overall 
collector perfopmsihce. Whether the Improvement 
is great enough to offset additional operating 
time and electricity is not yet well established. 

A third combination of heat pump and solar 
heat'lfig systems Is shown in Figure 7-21. In this In- 
stance, a liquid -to-air solar system supports an 
aiVto-alr heat pump. - 

V. The solar systdm serves two duct colls. One 
is in the indoor^ air-handler for direct space 
heating; the other heats air supplied to the "out- 
door" section thi^.heat pump, pescriptidns of 
the three operating mo'cjes follow. 



1. Heat Pump Heating with Solar Preheat 
Assist 

a. room thermostat demands heat 

b. storage temperature too low for direct heat 
pply to Indoor duct coll 



rsupp 
outsi 



tsidB temperature Is lower than storage 
temperature 

pump from storage and diverting valve supp- 
ly heat to preheat coll for heat pump outdoor 
section 



As in the wateMo-air temperature;fixiamp1e of 
Figure 7-19, this preheating of outdoor j^ir, which 
Is the-hfeat source for the heat pump, raises the 
coetficient of performance of the heat punnp. This 
permits a greater drawdown of storage" tennrpera- 
ture which [mproves collector performance, Since 
cold outdoor air moves over this coll, freeze pro- 
tection may be required. ' \ 0 

2. Heat Spade Directly From Storage 

Whenever storage temperature exceeds con- 
trol point, for^exaijiRl^O^F, heat is pumped di- 
rectly from sftorage to duct coil for direct space 

heating. 

'■ ^ •* 

3. Heating Space With Heat Pump Only 

When putside air temperature Is higher than 
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Fig. 7r/^9.oAlr to air heat pump with sol 
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storage temperature, the heat pump opiates 
alone, extracting heat directly from outsfde air. In 
any of these modes, if the collector temperature 
exceeds storage temperature, then the differen- 
tial controller will sts^rt the collector pump and 
begin charging storage. 

To conclude JB^ review of common operat- 
'irtg modes, the cwrging cycle (heat storage) will 
be examined in closer detail. 

Figure 7-22 shows a graph of collector and 
storage tank temperature (vertical scale) versus 
time of day. At the start of the day, the pump is off^ 
and the tank temperature is higher than the col— 
lector temperature, flat as the sun rises, the col- 
^lector temperature rises sharply and is soon 
frhlgher than the tank temperature. Typicallyrwhen 
the collector reaches point 1 In the figure, or 
perhaps 20 degrees higher than the tank tempera- 
ture, the differential thermostat starts the col- 
lector punV 



But, as the pump starts,^1here is a drop in col- 
lector temperature caused by the inrush of cool H- 
. quid; this is point 2. Now, if the on and off set 
points for tipe- differential thermostat are set too 
close (e.g„ 1T)'F on, 5'F off), there is a chance 
that the pump \^i|l short-cycle. That is, it will start 
when the coflector temperature is at point 1 arXL^ 
sjop im^mediately when the collector tempeKaturl^^ v 
temporarily drops to 2. 

.During the d^y, collector ag^ storage tem-7 
per^tures rise^until late afternoonyBy 6 p.m. or so, \ 
the cOTector temperature reaches poirrt 3, and the 
colldYtor-to-tank differential is at the off set point 
of3'F, for example. 

When the pump is stopped, the temperature 
of tfie collector will increase since no heat is be^ 
ing carried away and some solar energy is. still 
striking the' collector. This rise is shown as point 4. 
Again, IfTfTie rfee in temperature is sufficiently 
high and the or? temperature differential suffi- 



/A 




ciently small, then the pump would start up a^ain 
and begin short cycling. To avoid this', the on dif- 
ferential must ^of course be greater than the 
collector-to-tank differential at point 4. 

SUMMARY 

>^ Irf this lesson, the more common types of 
solar air and fiquici systems have^beeflpfresented. 
The relationship of each of the basic components 
and the controlling mechanisms were discussed 
n-6ome detail. The basic modes of operation drs-' 
cussed are: 



OulS'rde \ ' SOjar (Honeywell) 

Damper 

Recirculating r ^ 

Damper 

Fig. 7-21. Liquid tQ air sofar system outfitted with an air 
to air heat pump. 



Heating from the collector. 

Heating from' storage. 

Heating an auxiliary furnacW 

Storing heat. . 

Preheating domestic helwatec.^. 

In addition, the possibilities of usihd a heat 
pump in combination with a solar system were 
discussed.^ ^ ' 




6 A.M. i 1? A.M. (Noon) 
Pump — Off 7^'-r- Pump — On- 



16 A.M. 12 P.M. (Midnight^ 6 P.M. 
r- [ — — Pump— Off 



Fig.*- 7-22. Pump operatr^g cycle in storage 
mode. 
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DOMESTIC WATER HEATING 





I ^«^V heating of domestic water carf? be ac- 
complished by including the appropriate equip- 
ment like those discussed In the two previous . 
units in solar heating systems. Also, it js possible 
to install a solar water'heating system, Figure 8-1, 
without a complete heating system. In fact, solar 
wat^r heating Is the oldesf domestic use of solar 
energy. 

Heating water with' solar energy generally 
makes more "sense" economically than whole 
house space heating, because hot water is re- 
quired all year long. The opportunity to obtain^ 
return on the initial investment in.the system each 
and every day of the year is a distinct economic 




(Qrumman) 



Tb heat^omestic water requires considerably less 
collectoi area than for space heating.. 



r 



'- advantage. Only moderate collectoVt^mpe/^tures 
are required to cause the system to^ function ef- 
P f.ectively. Thus, the heating of domestte wa\er can 
• • be accomplished during less than ideal weather 
conditions. ' . 

This lesson is organized to provide: (f) an 
overview of the different types of solar water" 
heating systems,. «(2) an explanation of how each 
of these systems functiorv and (3) discuss loca- 
tion and sizing of the collator for a basic system. 
Some of this discussion will be similar to the 
information presented abdtJt ^olar heating 
systems in Lesson Seven because a domestic 
^ water heating system is, in effect, a small solar 
heating system. ' ^ 

Types of Solar Domestic Wa/er Heating Systems 

There *are, basically three different types of 
solar domestic water heating systems: (1) direct 
heating/thermosiphon, (2) direct heating/pump cir- 
culating, and (3) indirect heating/pump cir- 
culating. The following three sections of this 
lesson treat each of these systems indepen- 
dently. ^ I ' 

Direct Heating^th^miosiphon Circulating System 

This isMhe si?rTptest_J^7Ti the solar, 
domestic water heating systems because it re- 
quires no pumps and very few valves. The flow of 
water through the cojiector and storage tank is 
controlled by the temperature of the water in the 
collector. The warmer the water becomes, the 
more rapidly it rises through the collector and 
enters the storage tank which is elevated^above 
the collectors. Cool water is heavier (has greater 
density) and flows from the bottom of the storage 



Table 8-1. Dallyborwater usage (140»F) for solar system design* 







One and Two Family 
Units 1/ and Aplt. 
up to 20 Unita 




Apia, of 2{ Apia, of 2/ 
20-200 Unlta Ovar 200' Unita 


No. of People 


2 


3 4 ^ 5 


- 6 


' \ 


No. ot Bedrooms 




2 3 4." 






Hot Water/4Jnit 
(galVday) 


40 


55 . 70 85 
♦ ■ . # 


100 


40 35 



\ From. H. v.«P^Verdej) and^. G. Spielvogel: "Partfu Sizlnr — 

^.^.'PJ^yt 'g Commer(^al ah5l. Institutional Buildings." AS 

' Adopted from. HUD Minimum 'Proper!^ Staiftard^'fpr Solar Si 



Systems. 



Panels- Supp6rtea^4n Accordance 
with Locfti Codea^and Ordl^nanc^? 

" 1> 



Penetration 




A' 



Drain Point 



I Charge Point 



Heat 

Exchanoer 
Drain 



Tank Sensor 



Tanic Drain 

Ugend 

Automatic Air Vent 
.Swing Check Valve 
Ttmperalure Sensor 

• %:> mow 

1^ Tee 
f4— ' Union 
^ Access Valve '7 

. -O- . (Solar Eriergy Proslucts, fncl 

^ Fig. 8-1. typical dombttic 80larift>t wiiterv system. 



• • / r 'r ^ 

tSnk ttj thQ.cpllectof K is warn>ea and the 

flow.contihites. Figure 8-2 schenci'a^icpNy depicts 

this system. Several .cpriditieh^Vmust b^ 

tairfed in order fof this typqof systjem to function. 

Firs!jj_^thg tanl< Tmjst Oe l^bated slightly ab9ve the ^ 

collectorr«&ouf 1.-2 feet., ^ ' - " 

Ttailvpe^rrits the water to circulatq^thfoy^h the 
system without the use of a pump. It ajWo prevents 
reverse circulation which would otherwise occur- 
when the collector temperafturejs loweY than the 
stored watf r temperature. Typically, singfe glared 
collecfoc^lftd 40-80 gallon tanks ar^-used. 

Ttiis^^Rof system is simple and relatively f 
•rrY^ihtienaiiSev. free; ; however, it possesses a/ 
nuftljj^riD^^^^I^^ 

^. A^ter^mperature varies depending ''upon 
/the amount of sunlight available and the rate 
at "Vvhich hot water is consumed. 

2. The requirement that the storage tank be 
above the collector poses some design pro- 
blems^because the system cannot be readily 
fitted int6^all types of structures. 

The fact that the' golleclo/ always conjg'fts 
water means that the^'j^^tem in its simplest.' . 
forrn cannot be used in climates where the 
temperature drops below freezing. 

It is possible for the water ia,the system to 
exceed safe temperatures,^ Therefore, it is 
necessary that safety valv^ be installed ^to 
allQw excess bressure to escape. 
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Cold 



Fig. 8-^. ,5cheniatic drawing of a direct heating theritio- 
; siphon circulatingt solar wat^r heating system. 



'A direct " h^dting/ttiermcteiphojj^gi^^ 

J ^em can, be used in. climates^ffere the 
mperaturte drops beJow fre^2ing,, praNTrdfed 
valves areinit^lied whi^\wHI^|iijton1«^ 
th£ coUj^tof when the temperature In the coMec- 
* ^ ;tOf>ea'ra^'freezlhg. To' prevent the storage tank. 
yUorh drainmg, another therTT)ostatl(ial.ly activated 
' valve between the collector and stprage lank 
must close. Because this system 'of valves is 
somewhat^complex, the possibility of malfunction 
r makes this type.of system impractical in freezing 
. climates. 

X ■ • •■ v>- «• . ,■ 

Direct Heatlng/Putnp Circulating Systems 

, The direct heating-pump circulating system 
^'W£rs from the pmceding system in that .a pump 
'^Ji^.^ii' ^''■C-O^a^^the water through-the collec- 
tor.(See\Fjgure a-3.) Because of the installation of 
the -pump, it is possible to locate the storage tffnk ' 
. below the collector. For rriany mstariations, thi§ is 
a much more practical arraingement because it 
allows trte collector to be placed on the roof and 
•th€ storage unit can be eitljer on the first floor of 
the building or in the basemen!." 

The difference in |emperature between the 
collector outlet and thewater'at the base of tW 
storage tank determines when- the circulating " 
pump will activate. A preset difference in temper- 
ature at the'sensors of approximate 10° F causes 

the pump to begin pumping water through the c'ol- 

- lector. To prevent reverse flow due to the thermo- 
siphon effect When no solar energy is being col- ' 
lected, a check valve must be installed in the cir- 
culation piping. ^ • , - . 

...If hot water is not used at regular intervals i.t 
IS possible that the water In the collector and ' 
storage tank m^y.ext!!B6ct%OH*w;j^xTip«cature. It is 

- even- possible that boiling"mai^i6eGtJrdrinhe collec- 
tor. To prevent damage to the systerfi, a pressure/ 

. relief valve must be installed in 1he collector loop ° 
line entering the storage tanl<. Thia||alve releases 
excessive- pressure and permits the esdape of 
steam. . _^ ^ ■ 

Because this is a direct heating system/the 
water which is being heated is also circulated 

^ through the collector. Like ttie thermosiphoti 
system, this system is subject to freezing. 4 o pre- 

. vent freeze damage to the sysjtem, it is necessary - 
to drain fhef collector when freezing weather 

- t^reatehs. The required freeze protection^ 
^. that which was described in 'the previdus section 

The most reiiable'valves^^rfe^mechanically driven 
' (by springs or other m^hanica> devices). There- 
'fofe, in {he case of a power failure, the collector 



■can automatically drain: Figure 8-4 indicates 
vjpere the y^lvesr should be loccrted and Figu« 8^5 

^^,d^talfelaiyplca^difect■heat^ng;drain-do^vn install 
' lation. . . ' ^ 

' *The single tank system in Figure^-S uses an 
; electric heater inside the tank to provide au;^liary^ 
heating of domestic water when no ^olar energy ' 
is available!^/- 

Because of temperature stratificfationwithin . 
the tank (hot water'at'the top and colder,%nser 

^ • • ^ Cold Waler-lnlel 
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Fig. 8-3j Schematic diagram oif a direct heating/pump 
.circulating system. ^ 
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Fig. 8-4. Schematic diagram of a ^rain down system for 
a direct healing/pump circulating system. v 
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.yi^ter af bottom),:the electrtc element i^(usuallyU 
InstaUed near the top of the tank, this redulSfs th^} 
on time of the heajter aWd take§ f UH. advantage o,f 
the available solahelifergy. Th^re/is; of course, ih- 
ternal mj;<ing caused by watfer entering and leav- 
ing the tank and this arrangement may not be as 
efficient as a two-tank^system. t 

Figure 8^ is a/schematlc of the system 
shown In F^lgure 8-4 but with the addition of arsec- 
ond tank, typically a conventional wAter heater ^ 

In .this arrangement, the conventional hearer'' 
Is connected In series with* the ^olar preheat 



. stofage Xah\^. The conventlonaj heteiter can be gas- 
fH^,;gil-fif0d, or electric. " \ 

, , 'placed in this'^configjujation, pretie.ated water 
Iroip the solar storage tank enters the conven- 
tional ^eater before flowing through the hot water 
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Fig. 8-6.^ Solar v^ater heater series with conventional 
water heater. " ' ' / 
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Fig. 8^5. Preheat, storage and elQClric auxiifafy heater in 
single tank. ' 



Soiar water storage tank ^ 



service main.. In- this' way, auxiliary heat energy is 
/ used to raise )the water temperature only when 
solar energy is unavailable efr inadequate to'main- 
tain preselected water temperature. 

J Indirect Heatlng/CIrp ulating Systems t ' 

: ^ To^oveK^me the problem of^draining liquid 
collectors c|uring periods of subfreezing Weather, 
indire.ct heating soja have beeri 

_ •developed JndirecJ«feting systems circi/late ap ' 
anijfreeae solution j^special heat transfer fluid 
through the collectors^ Air collectors can also be 
,Used. As a-result, there' is ^no danger-of freezirtg 
and no need to drain the system: 

. Liquid Transfer Media. Circulating a solution ' 
^f eth^dne glycol and water through^ the collector- 
^ and a heai exchanger is on^ frieans of eliminating 
the problem^ of freezing. FigDre 8-7. illustrates a 
typtcal liqUid'syst^. Not^ that this system re- 
. quires a heat.exchanger and an additional" pump. 
The heat exchanger permits the heat in'the liquid ' 
circulatrng through:the coJIecXor to be transferred 
. I'O the water in tbe storage tank, the extra t^ump is 
required- to circulate water from the storage tar^k 
through the heat exchanger. ^ extra pump can 
be eliminated if (1) m^t^t exchanger is Ideated . 
below the storage tifllfgnd (2) the pipe sizes.and , 
heat eicchanger design permit thenmosiphori ac- i 
ition to 'circulate water *from the storage tank 
through the *at excJiMMer; or (3) a heat' ex^' 
changer IS usid thatacroally wraps ^rourld and • 
^ contacts the^ storage tank and ti^ansfers h?at di- ' 
rectly through the tank wall. ^ " '■ " ' 

Safe/y Devices in Liquid Media Systems. 
^ TheVe ^re two major problems that might develop 
v^«/ith liquid solar water h^atersv (1) excessiv^hpt 
• water may ent,er the domestic hot water service - 
' line, and (2) high temperature-high pressure ma/ 
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^ darf&ge collectors and Storage unit, ^ \ 

' To elimjn^fe the first problerTi,.a mixihg valve 
is typically installed between the solar storage 
tarik and conventional water header a's-shown In 
Figure 8-8. Gold wat^r is blended with hot wa^er in 
the proper proportion to avoid excessive supply 
^ temperature. The mixing valve is sometimes aisp 
referred to as a tempering valve/Pigure '8-9 details; 
topical Connection. ' ^ ; 
. r To avoid e^cessiva pressure in the collector 
loop carrying the antifreeze or heat transfer splu- " 
tion, a pressure^^Slief valvejs installe.d in the loop. 
The Valye is usu«fy ^et to discharge at pressure in 
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Fifij. 8.8. Schematic diagram of \he auxiliary heating 
9quipfnent.for a solar water'heating system. 
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Ffg. 9.g>«T)^ical tempering valve ^^ssemblylX^ 



excess of 50 psi. Tfi© relief valvels plumbed to an' 
open drajte. since fluid temperature m^y exceed 
iZOO' Fr'w^ember, this is unsafe, Contaminated 
fluid. ^ '° ' - 

To protect the storag^e Aank, a temperature 
and pressure relief valve is u3uaHy. installed on 
the' storage tank. Whenever-water in the tank ex- 
: cesses about 210^ F, the valve opens and purge,s 
, thie hot water In the tank. Gold water automatical-' 
ly enters the storage tank and provides a "heating^ 
lo^ad" for the collector loop, thereby cooling dowri , 
the systeTO *Figure-8-10 shows examples of both' , 
safety devices installed in a system. 

Also shown in Figure 8^10 is the collector;, 
loop expansion tank. This device i.§ required to 
"absorb" "the expansion and contraction of the. 
circulating flu-id as it is heated and subsequently 
^^cooled. Any loop not vented to the atniosphere 
}must be fitted with an expansion tank^' ' I ' 

Heat Exchanger The' heat exqha'nger which , , 
ac|s as an interface between the sometimes* toxic 
collector fluid and the potat)le water to.be heated 
must be double-called. That is, if one side of the. 
heat\exchanger leaks as-a resjjit of rupture or cor- ' 



rosloq, the toxic fluid wilt fiot .contaminate the 
water. ^ , . ^ . 

A \conventi.onal shell/and tube heat ex- 
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Ohanger "or simple coil inside the storage tank 
will, most often, not meet local health code re- 
quirements.. • " \ ■ *' ' * 
^ Figures 8-11 and 8-12 detaij several heal ex- - 
changer types and indicate Aho^e likely to .meet 



most code requirements. 
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'Fig. 8-10. Example of'tw5^fety valvcfs on solar heater ^ 
plut expansion tank. ' 



Air Jrjansfer Media. Air-heatift§;Collectors*can 
be used to heat domestic water. (See Figure 8>-13.) 
The opergtfon of this type system is very similar to 
the indirect liquid circj'iatin^ system. ' ^ ' 
The primary difference is that a blower (fan) 'is 
Used to circulate air through the collector and 
heat exchanger rathe'r than a pump circulatinjg a 

uid: . ^ ■ ^ ■ 

The major advantages of the air transfer 
' medium ar6^(1) freedom from damage due to' 
lK|uid leakag^i^ the collector Joop, (2nreedom 
from, freezing and boiling, and (3) elimination of 
the risk of Ipsing the expensive fluid in the colljec- 
tor loop. The disadvantages,- as compared to 
liquid media systems, include the'(1) larger- piping 
required betw^een collector and heat exchanger, 
• (2) somewhat more energy required to operate the 
■^circulating fart, and (3). the need, for a slightly 
larger collector. \ - - 

Operating Cycle . \ 

.To control the operationjof direct or indirect 
. water heating systems, a difjierential temperature - 
' c9ntrAller is used to measure the temperature dif- 
ference between the collector and storage, and 
thereby control pump operation. 

Typiccilly, when there is more than a 10° F dif- 
ference between storage, and collector temper- 
' atures, the pump will be started. When the tem- 
perature difference drops to less tha^n 3° F, Ihen* 
the pump shuts off. ^ ' . 

. There a^re several modifications of this opera- 
ting mode, or)e of which is the use af two-speed or 
even mufti-speed pumps. Quite simply, whfen 
" solar intensity is low, the [Dump operates on low. 
speed; as solar radiation mcreases, trie pump is 
speeded up! This is intended to improve collec- 
tion e,ffici^hcy. - ' - , 

Sizing Dome^lg Water Heating Systems ' ' \ 

/As with space heating, the'^^sieing of- a solar 
■ watQr heater system must begip wFth an estimate 
of the.Btu load. Table 8-1 is taken from' HUD's 
MTnimumYraperty 9laq*dards-for'So-lar Systems., 
the minimunj^daWy hot water requirements tdr 
v?.fious f66idepce and apartment o^upancy are 
Jisted. 'For example-, a two-bednoom home witfi 
three occgp^ts should be provided with, equip- 
ment that can piovidS 55 gallons perday of hot 
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.water. Many designers simply assume 20 gallons 
per day. per person, which results in slightly 
higher requirements than those listed in Table 8-1. 

The second important consideration in sizing 
solar domestic hot watet- heating systems \s the 

v^required change in the temperature of tlie incom- 
ing water.. The water supplied by a public water 
■'system usu:klly varies from, 40 to 75° F, depending 
on location and jeason of the year A telephone 
call to the local water utility will provide the water 
supply temperature in the area. Generally, the de- 
Sired supply hot water temperature is from 140° F. 
t6.M60° F. Knowing these two temperatures and 
thp^volume of water required enables oQe to 
calculate the Btu^ require maq^t fo; domestic -hot 

' .water. (See Figure 8-14.) 



The require(^^allector*area to provide some 
portion of this Btu load can be determined ia a 
number of ways. 

First of all, a detailed FCHART performance 
^arvalysis can jDe performed. Recall thai in this pro- 
cedure, a collector area Js-^ssumed for a specific 
'-^locality and monthly performance (fraction^of. en- 
;ergy contributed by sqlar) are determined using 
the X and Y coordinates of the FCHART. Then, a 
seasonal contiribution is determined. 

As with;^ whole house space heating, a num- 
;ber of simplified procedures have tieen devel- 
. .oped. ■ ' - ' • ' 

One rule of thumb is: the amount of solar en-^ 
ergy avaiTable at mid-Jatitude in the continental- 
United Stajtes" is approximately equal to 2000 Btu/ 
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(A) Shell and Tube. This type of heat exchanger ' is used ' to 
* transfer heat from a circulation transfer medium to another 
medium used in storage or in distribution. Shell and tube heat 
exchangers consist of an outer casing or shell- surrounding a 
bundle of tubes. The water to be heated is normally/circulated 
in the tubes and the hot liquid is circulated in the stiell Tube^ 
are usually melal such as steel, copper or, stainless steel A 
single sh^ll arid tube heat, exchanger cannot be used for heat 
iransferjfrom a toxic liqui^. to potable water because double 
separation IS not provided anc^ the toxic • Jiquid may enter the 
^potable wqter.supply in a case of tube failure. 




hjleat Jransfer 
. Medium. 



Hot Water ' 
Outer Shell 



(C) Double Wall' Another method of -providing a^dpubfe separa- 
tion between .the\ transfer medium and the potable water-supply 
consists of tubinb or a plate coil w'rapped around and bonded 
to a tagk. The potable water is heated as it " circulates through 
jhe coil or through the tank. When this method is used, the 
tubtng coil must b\e adequately insulated to reduce heat los^'-^s 
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(BV Shell and Double Tube. This type of rjeat exchanger is similar 
to the previous one except that a secondary chamber is located 
within the shell to su'rround the potable water tube. The heated 
toxic liquid then circ.ulates inside the shell but around this 
second tube. An intermdciiary non-toxic heat transfer liquid is 
hen located between the two tube' circuits. As the toxic heat 
ransfer medium circulates "through the shell, the' intermediary 
liquid IS heated which in turn-,heats the potable water supply 
circulating though the innermost tube. This heat exchanger 
can be equipped with a. sight glass to detect leaks by a change 
lUqiJid often confains" a dye ^— or by a change 
m the liquid levek in the , intermediary chamber, which would 
indicate^ a failure- in either the outer $hell or intermediary tube 
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0) Parallel Tube Heat Exchanger. A double walled exchanger 
table for domestic water heating using toxic fluid in collector 



Fig, 8-11. Examples of .j^ -/changer designs. 




square foot/day. A'ssumma f^BHItr- elMcienc 
.pf 40 percent, thiis mea^^^^^ ?'j/square 
, foot/day can be colle^iedWith aor^ v .nstallec 
. coHeQtor. Usmg the exanriiD|6fejrrFjgure 8-14, tne 
. collector shoaJd cor>tdirj' 'i'p^roxirr-aialy 137 
square -feet<109,956 - 80€^ r37) a= . -ning 100 
percent satisfaction of hot wa'Hrr er-?^ nepds. If 
a collector of this size were .sec *'^\>«/ever, ttie 
higher sunnmer radiati^io lev€^-^ a : u^-Bvoer tern- 
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T^-v at right has "wrap around" heat 
ed fluid from the collectors flow. 
c: Jouble waif" comprising one side 

of storage tank. This meets - 
, stJWards. 

Fii. 8-12. Coil inside the storage 
heat excWngers. 
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or i h0't:3ntal surface ir January (from Appendix 
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3. Schematic diagram of an air transfer medium 
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Crovipusly, ^ systerr designed to sat s*. ^-^2 
, total near tbtal/Btu oad n winter ^- - be 
much oversized in surr ler vVhy? ^or.,^:;e tnt 
domefT-ic water heatim oad woulc -ancF? but 
sligh- while the amou-^ z:*^ ccilectabMe ^ radi- 
atfoh #«ouW be subst;,. :ially la^ • - -ars 
. ne*ar V anuble. 

^tifssrvations haw '^dcaied trar a r Urc-^^ 
sizec: provide about percent c . .r , ay 
hot vA^ate- load will prov nearly af not ^ ter 
^Qner -eeds in June. 
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:alar wate heating system sho^uld be 
ivT to provide no less than 50 percent of the 
energy neec^ 

these ppjr :s In mind, Figure 8-15 can be 
^stirriate a -^asbnable collector area by, 
^-Jmingthe desired annual contribution 
f^. determin:-g the value of AS/L from the 
r jes of F frc-n 50 to 70 percent appear to 
able assumptions. An example of the 
n of this c ocedure is given in Figure 



Exampl« Problem: 

Given thab'a family of six v v 
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1. Compute: Water requlr'- 'ents 
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.2.. Compute: Heat Required ga 
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Fig. 8-14. Calculatmg the B^. - j^.^^v^^f >of beat.nc{ domestic h'.f ^ater. 
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Fig. 8-15. Fradtion of annual load supplied by 
function of January conditions f water system, 
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^nMo"^."^ —!^./^^* ^^^^s 0^ '"'g- 8-16 assume' that the 
^hmnpn' ? af^an angle equal to the local latitude. To 

^bmpensate for any ccilector t.lt referVback' to lesson 6 
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Sizing Other Components 

For the most part, solar, domestic wafer 
h«rating ^systems are available as prepackaged • 
c jmponents. Figure '8-17 Illustrates two examples; * 
of prepackaged^ domestic solar water heaters. . 
Tnese etiminate the need to size the storage tank^ 
e^^ansion tank, and pump. For an individual wish- 
er to select individuair?t>ftjponents. It will be 
'rrcessary to make the s$ime t^]S(e.of calculations 
3^ *or whole-house heating to deVerfnine the sizes 
or such components. Tank storage would typi- 
ca ly b% based oji one day's supply of energy 
based on.ttie, dairy ptu load..* , . 

.Figure ^8-18 illustrates a, typical piping and* 
wiring arrangement for a solar water heating 
System: , ^ . / . 

Economic Considerations 

As-with space heati g, the prospective buyer 
O' a srol.ar assisted domestic water system will be 
interested in the savings accrued for the added in- 
vestment required for%^olar systerh. Most manu- 
.facturers of packaged *solar water 'heating sys- 
tems provide some type of economic analysis to 
assist the installing contfactoVs in selling their 
customers. For example, payback time for fuel 
savings to equal total investment may be as little 
as six to nifie years at the present time. 

As with, space heating, there is a computer 
service called SOLCOST tl^at a.contractor can use 
to provide a complete analy^it? leased on the infor- 
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Fig^ 8-17. Examples of prepackaged solar assisted domestic water heaters. 
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. mation supplied to the computer service, Appen- 
^^aix E includes a sample of the SOLCOST Solar 
, Service Hot Water Worksheet. Figure 8-19 illus- 

' trates a typical economic -print out" for a water 
heating system,. . - ' 

Thig service also inQlu(?es collector size op- 
timization caTculation that will provide.the custo- 
. mer the optimum savings oyer the life of the 
equipment. - , , • • 

For full .details contact: International Busi-^ 
nes«. Services, Inc., Solar Groun 1010 Vermont ' 
Avepue, Washington, D.C. 20005^^) 628-1450. • 

SwUmmlng Pools wwth ^lar Assist ^ 

Solar collectors can be used toTieat swim- 
ming pools that are bojh'indoors and out-of-doers 

• Collectors usted to. heat outdoor pools are* 
usually less elaborate than space heating collec- 
tors simply^ because they are used in tiie spring 
and summer months. Thus, single glazed or even 
unglazed absorber panels can be used. 

• Many^unglazed panels are made of plastic or 
rubber as well as mfital. However, in the case -of 
metal, swimming pool vyater is never circulated 



thrSugh all-aluminum, panels because of e#' 
sive corrosion. 

Figure 8-20 illustrates* botn a manual r. 3|c:^rr 
and an automatic solar assisted pool -.ii -^j 
system. 

^ Under natural conditions. CDC watervi -;,i(f 
some heat during rhe day anc en lose ^ lo 
^ea• at night. Typically- pool water may ^ 
th^ average ambient temperature :y up fc io. 
g^ees under these conditions. 

Outdoor swimrr ng pools tos- "eat in b - - 
'W5VS, namely by: 

1. conduction through the ^ "ater al t 
the ground. j| 

2. convection at tne pool surface. • # 

3. evapor-ation at the pool surface. 



4. radiation at' the pool si>fface. 
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Conduction losses are ui^ally sma • 
to the other»modes of heat'loss. Thus, to - : 
use of any sol4,r assist (natural or with r. 
^' outdoor pools should be provided wr 
covers so that convfective, evaporative, a- 
. tion lasses are mlryimized. ^ 

One type of D^oi^over of particufar 
to the solar tec^lcian is tfie tfansparer 
This^roduct aKows copsideraWe solar e-- 
' pass-througlT/fluring the daytb help heat 
. water as vi/^ll as mii^imize pool heat los 
niglit. *w . ; 

Cqnsidering typTcal -ppqi he^t losse 
usual rule^of-tliumb- sizing procedure sl 
that, for adequate perform^e, the Collect 
should equal half the pool area-Jor south 
collectors. For other directions, additional 
required. Figure 8-21 lists a typical recomr . 
tion for>several orientations in a mild.fclim^i 
plication. ^ ' 

Proper tilt depends on the ?eason of t- 
*torwhich poQl^eating is desir-d. In northe 
mates, pool hfating is genera / requirea 
summer, thus the preferred -til: is latitude 
^Q degrees. In sbuthern-«reas, nter pool h 
might be the objective. In this.c=se,-the pr= - 
tilt' is latitude plus It) degrees. 

• Most manufacturers of cc ectors in^^ j^.' 
for pool applications offer desil - assistance an 
make recommendations on conrol of the s'fsten 
.For additiorial information, corrsecTtKe Nationa 
Swimming Pool Institute; 206c K Street N W 
Washington, D.Cr. 20006. ■ 



Sdlar Co iV 0 ^M mntM SUhvr 

^oiar stc. *^ ank size rr ^ cl .«ctor is 84 gallons 

Excri«bi#prr: None ^ 

^ mp Cnar»^--«rj«tics -trsepower, 1.40 gallons pe mute. 

- ■ * » 

8lvt JvymiMii> y S0LC08T 

ictc" Jy» ~ia t*i2?'^Gl««t Selective 



Scuar _i«ecTc ^r-r .y#Tilt -ngle of 43 Degrees is 5f v$q. Ft 
X^^ter^^^s aouJL 400.00, fixed 700.00 Coi.ector 105. 30 Sto^.ce 
THsallaaion Uaea^ ctca- -UPBO.QO 
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85 


««oack 


ii^' » for 





fC) (0) 
Annual 
lnt»r«»t 



^69. 72 363. 

SC.,/ 148. 65. 363." 

527' 124. * 58. 363. 

54/ 9lB. 50. 363. 

56 68. 41. 363. 

55 36. 31. \ 363. 

51 . 0.^ 20. \ 0. , , 

63. ' ^0. 21. \- 0. 

66. 0. 22. jo-. 

68. 0. 23. / 0. 

71. 0. • 23. / 0. 

74. 0. 24. ^ 0. 

' 77. 0. 25- 0. 

80 0. 26. 0- 

83 • 0. 27. 0. 

87 " 0. 29. 0. 

9c 0. 30. 

94 0. 31. 

97 "0. 32. ■ 0.- , 

101. " 0. 33. 0^ 

1430" 643. 683. 2178. 

i to eoual total investment — 9 years ' 

^»oack *or ne -sr Maw to offset down payment — i3.3 years 

Ree of Tf^. ^ or neucash flow — 6.5 p|Fcent ^ 

^-.1ual p" "-n of load nrovided by solar — 35.3 percent 

" il ^ :iy sa>^ngs«i<vit- solar system — n.6 million BiJs* 

^Casn -p-low = A- B-C -r E-F / 



.^|ttal 

>^Savm9h = Income 'a- Rate x (C + D) 
5n ?^low ^ A - B-C - F 

Fig. 8-19. Example of "Solcott" analytlt.* 
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SUMMARY „ 

The nree basic types^of . j. mestic hot 
water seating systems have bef^- re^-cribed: 

1. -I^ect4heating/thermosjpho^ 

2. reel heating/pump clrcuU. -^t 

3. ndirect heating/pump circu -rg 



Water 
^rom.Pool 



1 



Strai 




Return 
to Poof 



Check Vaive 



oani^l 
^ ^alve 



Trans-^r mediums and heat exchrHrrcrers for these 
systens were discussed. The Wr:~ -^us operating 
cycler anc controls were consiri^^ec: along with 
the required safety d^icet 

Sizing of the var^iJs-eompo:^- 3 of comes- 
tic hot water hea/ting'systems were descrioed n 
relationship to tae eco^nomic factors ^hich affect 
the decision tc/ purchase such system. Also, 
some consumer information regarcog the use of 
solar systems to heal s,wimminc dooIs was pro- 
^un i^jL±L^.j^^,. >yvS ^ vided."* Finally, suggestidns for ootaining assis- 

f;g!7^ S tance in preparing sizing and cost analyses for 

i . sola' heated DHW and swimming oools were pre* 
■>^' H sented. 



^ -fows Through Pane'te 
^ anual Vafve is Closed 




Rho SlQma) 

Fig. 8-20. ManuaJ and automatic solar pool heaters. 




1. Determine the surface^area oNthe pooL 



2. Select appropriate propdrtidn as determined by cbllectot 
installation. ' ^ 



so.. 70 


• ^ .70 - .80 


Panels facing south, with" 
tilt of latitud^ + 10°" 


Panels facing sojothwest or 
southeast 

or 

Panels not tilted at latitude 



SurfacQ Area x Propombn 
to determine the 
collector area required 



FI9. 8-21. Estimating the size of the corrector for a swim- 
ming poor instarration. 



J 
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HEATING SYSTEM INSTALLATION 



-} 




■ Many facjors influente decisions about the 
feasibility of instalMno a solar heatingr system. 
Previous lesions have dfe^t with the problems of 
solar insulation dictated by the geographic loca- 
tion of the stri/cture. Problems of air-versus-liquid 
collector looi^^ have been discussed. Variouscon- 
trol T^echanisms have been presented. The'eco- 
.; nom-ic factors of solar heating systerms have been- 
identified. Total system operations were ex- 
plained with the inclusion of domestic hot water 
(DHW) requirements. , 1^ 

At this point, decisions must b^made about 
' aestheticA^alues and physical space c^qulrements 
of the solar hea,ted structure. How do collectors 
affect -the outward appearance o^he building?/* 
How .can e^^terigr, above;ground ^equip-ment be 
hidden?- Where can the heat storage (Figure 9-1), 
transfer system,, and^on^rols be placed? How> 
noisy will tTte system be when "it is fully opera/ 
tional?' In addition jo all of the sp|ce require-, 
ments for^he solar heating equipment, where can 



jhe 100 p( 
^occupants 
Gated? 



ent SL^x . j^r. heating systeov fe^ the 
comf?'- hot wale' needs be Ip- 



Th^^ questrt 
space an a buildin 
able space or -he r 
cupant have t: ^el 
Equipment? Can 



ail affect the utilisation of 
e. WiTere is the It £.5 valu- 
:: er:y? Vy^t'area ^ e oe- 
sh for tfiB^varioL- Pieces of 
area zailea an "E.;}ui^ Tvaflt 
'da'--? S'uc>i^ecrS'ohs as 
1 th-f :iesign phajj^e o^ the so- 



Room" be accomc? 
> these must be made 

la- heating proj^tft 'ega diess of whef-e- the in- 
stallation is in a p^.v st^^cture or a re-ofit in an 
existing building, 

've *3 be;otiainpd ,*~om the 
/^^''S so that inspection, 
airs ban be done. For exam- 
^''ic access or he equip 



Gl idelines w 
component ma--: 
maintenanc^ar 
■pie, how arge " '"^^ 
ment room<toor -ec 
ponent (pump, t . ,ve^' 
installation? 



! t(^ accomm 
ic^ Removal, s^ 




:^ie com-' 
'Vice, and 



J . 



I) 



LC 



4 



Ba^ment or 
Cr^wl Space 

e) ■ . 



Fig. 9-1. Possible Keal storage unit \ocattOQ». 

- i' i% 
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I 



f 



Scheduling is rear t 
decisions are finalized r " 
between ttte occupant an ' 
should have infornnatior ^cl 
chased and installed. »v-r 
total heat load demand ^ 
being provided'by the sc sr ur 
erating rj^quireoients (u' t es maintenance^^ 
supplies)? How long cAr :he system be expectd^ 
tcwast? Answers' tQ thesb questions are forthcom'- v 
ing. J> . V * . 



oegin when these ^ 1 
■T;Ctual documents . 
i ler. The occupant 
/•/"hat is being por- 
ercentage of the 
:: water neHcte^are 
: What'ar^ 



i 




New Construction Installatron 

, This section of the lesson^deals with^neW 
construction and is divided into two parts ac- 
cording to the fluid medium (liquid or air) being 
uS&d.<>omproner)|e^nd systems will betliscussed 
as they would normally occur in scheduling con- 
^struction of the entire strucfure. Appropriate refer- 
ence Jo SMACNA installation- standards, Where 
noted, should be read. (See Tables 9-1 and 9-2.) 



Solaij Sy^em Installation Scheduling 
(Liquid Htratihg System]! 



Table>9-1 



II. 



/ 



Solar Component 
Installation 

Thermal Storage 
. Container 

1. Structural pase 

2. Placemen t d(, can^ 
tainer 

3. Piping con 
^'ons 

4. L jak test fillir.._ 
f (Note/ May re- - 

quirfe-su*bsequent 
draining to pre-^ 
ventjfreezing) 

5. > IrffeulatioiS 

Solar Collector - \ 
Subsystem 

1. Preparation of 

support structure 
2\ Placement on 
Voof or support 
structure 



3: InstallatliDn of ply- 
ing to*egliipment 
room 

Leak test oT col- 
lector loop 
5. lns<jlation and in- 
spection of CQ^- 
s lector ptp+«§^ 

I 

Heat Transfer 
Subsystem 

1. l[ris^llation of i^ip- 

'irtg, purb'ps, 
• vaJji/es, efc. 



2. Leak test of 
pJumbing 
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Bulldin^^on- 
struction Stage 



During fo<jndation', con- 
crete wol'k 

Following foundation, 
■ ^ncrete work 

77g rough-in plumbing 
jhase 

During rough-in plumbing 
phase leak test 



Following leak test 



DCiring framin^hase 

Prior to insulation, dry- 
walling, as^ plumbing 
^ stack-out. Also prior to 
ashing roo] and roof flash^ 
ing.. * . 
Prior to insulation and dry- 
" wall 

^ Prior to insulation and dry- 
wall 

Prior to drywaft i 



Solar Component 
Insta'llatlon 



3. Insuli^n and in- 
spection of piping 

4. ^ Installation of ^ 

auxiliary furnace.-' 
^ ^nd/or coalina 

IV. Domestic Hot Water 
"^System Installatl'ori 

1. Installation of 
.heat exchanger 
and piping to pi»e- 

^^at 

2. Leak test of 
' pipiing ^ 

3. IrtsulatjoQ^afid in- * 
spection of piping 

4. Installation. of , 
preheat and auxil- - 

* i^ry DHW tanks ' 

Controls 



V. 



1. Sensors 



Prior to irisulation and dry- 
wall (Note: Early installa- 
tion could provide solar 
heating for^drywa/l work) 
During rougf^n plujnbiing 
leak test 



2. Control Panel 



BuHdlng Con- 
struction Sta^e 

^ Prior to dr/wall 

Same as for'tonventional 
f system 



' Prior to insulation and dry- 

waM « ' .1 



During Pough-in plunging 
leak test ; 
Prior to 6ryv^a\\ ^ ^ 

Same as for conventional 
DHyV systems 



Each seQSpr shoujd be in 
^nsfalled with earchyom- ^ 
pbnent it reprefientsNpor 
exampJe.^the^orage tank 
temperature sensor s+iould 
be instaHed during the fab- 
rication of piping connec-, 
tions tb the stj&rage unit, 
the collactgor afesorber^ . 
temperature sensor during 
' the' doije^M^ installatioa. 
.etc. 

Same as for •onv^ntiqnal 
Thermostat jNot^^ Early in- 

. stallation can provide splar 
heatihg during c.onstru^ 

. tion) , ^ ^ 
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Liquid Systems ' 

' .The first activity in 
heating system involves 

The -tank manufacturer's 

data concernihg-the locations of inlets and out- 
lets, sensor fittings, and taplTanchoring methods. 
(SMACN^ sections 11. li^ 11. 2,' 11. 3, and. 11.4.) 



s 

inch^cclncrete slab-is i^rrnaily adeqaate). 5oot; 
jngs for the containers to hold liqtrids, especially 
for heat storage and possit)ly domestrc hot water 
storage^hould be dug,and poured when the 
basem^'or regular building foundation is un^ler 
construction. Anchor bolts to secure the tanf^ 
can be placed at {hiS'time. Pouring Jootings for 
, surfacejpr undergroundlanks outside the buTlding 
.should be ctfhsidered af this time, for scheduling 
efficieTicy. The size of tha^ footings vyillhdye ta be 
engineered:£)n.the basls/oj-the total tank and liq 
uld weight \ -"-- ■ - ^ ^ 

enough so t 



constructing the solar 
the heat storage unit, 
liter^ture^will provide 



V 



Weaf^Sror^^^/n/(^^ for 
space, heating are manMacTtured- of stee l fiber- - 
glass, or concrete in a)6ot^ry a^id c/eliver^S^he 

ation.iA butyl rubber llnedv 
erected on-sitejs another \ 
u^t be provided '(a four- 



t)uilding site for insta 
Concrete block syste 
alternative. Fqotings 



I, 



en filled. Footings mlist be hi'i^li 
t;th€*e will be about 6 inches of' 




space under th? tar>k after pou'ri^ig the bas^men^^ 
n^or to allow for tanK insulation. j(Seip Figure 9-2.) 



'^^Srtar CorT\ponent 
jilstallatlon 

Pflbble-Bed Storage* 
Unit 

*1. Structural base 



Fabricarfon 6f 
coRtainer^ 

Rack filling of 
container 



5. Ir 



V 



X>ucting connec- 
ttons 

Ir^sul^tion 

^. Sblai: Collector Sub- 
system 

# 1. Preparation of * 
suppojt^structure 
2N*Placement an 
■ roof or support ♦ 
structuiy 

3. Installation of ^ 
ducting to equip- 
fjient room 

4. Leak t^st of col- 
lector loop 

5. Insulation and irv 
spection of col- 

' Sector ducting * ^ 

Heat J'ransfer Sub- 
system 

1. Installation of ' \ 
ductwork, damp- 
ers, blowers, etc. 

e 

»2. Leak test Oif duct- 
ing 
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Solar System InstaTlation Schedullrtg 
(Air Heating system) / 



Table 9-^^ 



Bi(^lldlng*ConstructU)n ^ 
stage ^ 



During foundation, con- 
crete work ^ - 
During or immediately af- 
ter concrete, foundation 
, work 

Prior to roofing over of 
basement or space con- 
taining storage unit 
During heating distribu- , 
tion system ductwork 
During fabrication of unit 

\ ' ' " \^ 

Duriag framing phase 

Prior to ins'ulation 
walling, or plumbj 
oiit. Also prior t 
roof and roof f 
Prior Co insulation and 
drywall • ' ^ " 

Prior io insulation and dry- 
wall ^ ■ ' 
Prior to dryw^M 




Solar Component 
' Installajtlon 

'3. fristallation and - 
Inspection of duct 
^sulat(o,n : - 

'4. Installation of 
auxiliary furnace 

Domestic Hot Water ^ 
System Installati^on 

1. lnst3llation of 
hea^ excr 
and piplr 

^ heat 

2. Leak test of pip- 
ing ' ^ - 

,3. rrrsulation and in- 
spection of p<iping 

4. installation of ^ 
preheat and auxil- 
iary DHW tanks 

Con'troPs 

1. Sensors ' ^ 



.^Building Con- 
struction Siag^ 

Prior to dry w 



Same as conventionbl 



ition of / 
cnanger'f 
»ing to pre^ 




During normal sheet met 
al work (Note: Early in- 
stallation could provid 
splar^dating'^or dryw 
wolflk) . . V 
Prior to drywall and insu- 
latton 



Central Con^6l 
PaneK 



Prior \o insulation and dry- 

During rough-in^lumbl|ig. 
• leak test . j 
Prior to drywal/ 

Same as for conventional r 
Dhrvy taDk 'fe - ] 

Each sensor should be in- 

. stalled with tKe specific 

component. For example, 
^he pebble-t^d storage 
temperature sensor should 
be installed dwfi^n^ the fill- 

. ing of the pebble-bed ?tor- ^ 
age'contairier; collector ab- 
sorber Jemperature sensor 
with the collector installa- 
tion, ^tt. ^ ' - ' 
Same as tor conventional- 
thermt)slat (Note: E^rly in- 
stallaticn'can pfo^^ida^or 
solar heating during coV 
stciiction) 1_ i • -w 
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V • 



/ 



I 



Port for 
and Vent 



ThermisWlr SensoVs ^ , 
Located in Bottom ThirbL 
of Tank aqd Attached \ 
to ^Support 




Spal All Edges with Mastic t 
Moisture Oi^t of Insulation 



Keep 



Foundation 
Space for'inbulation 



Once the bs(sement walls* are erectedr the 
tank can be placecJ. This 0Rera(i04i -will probably 
require a cranp. Care' mu si taken to/plug 'aM 
oprfhingfe to prevent contaminainfs from entering^ - 
. the tank. Proterc^ron *agairist inadverteijit damage ^ 
^while the biffldJng is urider.construction^gK&uldHDe , 
provid^for the fan^;, especially- if'itvis glass or-- 
startSTiped. ImpSct deRts'may fracture the lirTing ^ 
and greatly reduce the life'expectancyiS^the stor-,; 
age tanks. Cheok' all glass and plasyc/isid€t-^u^^ 
faces %s well as the oujgide. galvanized coating 
for imperfections and delivery ,dania^e -before 
/placini,the unir If fiberglass^anks i^re used, they 
mas^Jbe'rated'to' withstanjcl design storage teqn- ^ 
peratures to 180** F. • " ' ^ 

Prepar^atlohs for Collector lr)stallatix)ti. Once 
per Code t^ink(s) ^re secured anH prote^ed, construc- 
t tion or^ the structure -can contiritw 



tne structure -can coniinoe as normally 
^scheduled: stee^ "r'bearm? cap be pJacetJ; Jloor 
.^ists can be installed; sub-flooring caprbe^laid; > 
and.extenor'vyalte c£^n be framecf, sheathed, and 



next.^L 



36 more difficult. A* " U)€ collectors an tjitegral part 
p^^ouid have to be ^^^^ ^^^^ noounted 'above the r3 



ng the deqign 
to either make 



eregted. 

.^00^ /riming ."jjs 
ph/se; a xJeciSlon^ust be ma 

)f-.the roof c OF to 
f as m Fi^b*e,9-5. 

Three possibj^fsjrioun-ting. d^ign a/rangemo^ts 
are Shown in Figure 9-6. Actijal solutior^ to th^se 
designs » approaches vary with the^ compon^t 
T expmples^re'Hrustrated^in 
^"TAQuxes 9-7. through ^-9.-4Cdliecl^r mahufackijrer 



NOTE: The installer should l?e cautioned -ihab underground 
installation of concrete storage tanks Will present thfe following 
difficulties: * ^ - - . ' s 

(l\The thermal' insulation will be mo/e _diffic\jlt to install and 
seanMom moistuye. j 

(2) The tank and pump installation will be. 
hole must be dug for the tank, and the pum 
installed in ^^dry well. , . ^ * ^ / 

(3) Maintenance or-rlpairs wolild be more -c^fficulK 
Wt^ether the storage tank is installed indoors.br outsid^, it 

should be insulated .with la low-thermal-conductivity , type insula- 
tion. suefTas 9-12 inch-thick ^ibe?g1ass. If the'storag'e tank is 
installed outsi^Je. the insulation must' be waterproofed wi 
ing cem^nt or enclosed in a tool ^hed or oth^r weatf 
shelter. ^ . r 

, ' , - , - "'^r'i^hould jJrovide complete details'on mCHJcrting CO 

Fig. 9-2>Typlcal non press^qzdd-above. ground installation, lectors. V / -^-^ 



Bulk Head 
Fitting 



/ 



1 ^ 





Rubber Gasket ^ 



.Fflg. 9-3. Turnbuckle hold dov^ straps for underground Fi9^-4. When fiel^d connections must be nrade into a lanK, 
placemeint of fiberglass storage tank. \ ^ ^ a bulk headitype connection should be i^ed. 
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V 8 



\^ 9 Tilt Angle 




/ End tTevation 
'typical House?* 






r 



\ \ 




■ ) 



(NAHB) 



Elevations B, C, D, ^K^nd L are probably the most economical 
methods of accommodating ^ sleep tilt^ngle for solar coUect.ors. 

Elevations E, H. and O are probably ttie next most economical, 
recognizing that they provide additionaU living area on the 
second tloofT ■ ' 

Elevations I, J, M and -possibly O. depending on proportions, 
must be treated carefully. 



Elevations G. N. P. Q and S are possiibilities but are more costly 
than^ the first group and especially more costly if clearestory 
space and/or fenestration are to be provided. 
Elevations R and T are of some interest in that they provide a 
method of hiding tVie collectors completely, but their comparative 
•cost- needs special analysis. 

Elevation F is obviously very expensive and only applicable 
under certain conditions. It does provide a three-story opportunity.. 
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Fig. Collector/roof configurations. 



In^^any'^case, the trusses or rafters should ^e 
set with consideration foj^ securing the collectors 
in Riace and supportingyie total weight of the col- 
lector array. The' possibility of damage from high 
winds and/or snow weiftht must also influence 
any roOf framinig^ decisions. There is almost 
always a problem of roof s,^pports interfering with 
^nlet-manifold and oOtlet-jnanifold piping at the 
eaves and'ri'dge. This may require lowering the 
collectqr .array. Keep in mind an important solar 
heating sy^^tem Cfesign ccitermh, . that piping 
shQuld^havaas^few constrictions and directional 
changes (elbows,, etc.) as possible to keep head 
pressures to a*minimum, and to assure complete 
ctrairf down. ' ' , ' ^ 

Interipr Wair.partitiops shc5lJld be framed-in 
either prior toi, rfuringV^or Immediately following 
rpof framing, ^xibility in scheduling this acti^ty 
is determirfed by^he need f6r..these partitions to 
^e load-beaVing. After jthese structural members 
are' in place, the roof may be installed. 

The steps in roofing the structure involve 
sheathing, laying down roof felt,, and cutting 
openings for piping. Roofing and flashing will be 
Jn^ailed according to the design decision about 
colhector panels being part of the roof structure-or 
whether they should be attached later. If they are 
added later, the panel supports should be in place 
rwhen the roofing is applied. This support nriay^ 
need to extend down to, and rest on, a typically 
non-supporting interior partitjon.. , ' 

Collector Array Installation. (SMACNA Sec- 
tion 5^3, Item D) Collectors are the heart of solar 
^heattng. Determining their placenjent is probably 
the most critical of any of the activities in the con- 
struction project. 

First, the tilt angle at which collectors are 
mounteo is a key factor affecTing the absorption 
of solar energy. A good rule-of-thumb is that, for 
heating, the tilt angle should he 15° greater than 
the latitude desigr)ation for the geographical loca- 
tion of the structure. A location of 40° North = 
latitude will, have collector arrays set at.approx- 
imately 55^ from horizontal.. (Precise tiit is not 
critical, however, as mentioned previously.) 

The Architect maySdesign the roof of the 
structure to ttie prescribed collector tilt angle. 
This procedure provides for the most rigidly 
mounted collector. It also means that snow will 
probably not interfere with solar radiation 
reaching the cover of the collector because of*the 
steep angle. Most collectoi's (but not all) are in- 
stalled with flow channels in the vertical position. 

Collector arrays should be installed facing 
south in the northern hemisphere. This is neces- 



sary to obtain the maximum solaD.radiation. The 
array may be on jhe fi^ont, side, or back of build- 
ings depending on the direction that the structure 
facfis. Plumbing stacks, vents, and other roof pro- 
trusions must be rquted away from the collector^ 
area. For direct mounting, the colTectors^should 
be installed after the roof felt has been laid, or 
after the asphalt shingles are in place if stand-off 
mounting isplanped? 

Collectors must'^be inspected'^when they ar- 
rive on the site. There cannot be any bervt casings, 
cracked x:over plates (a^common problem), imper- 
fections in Jhe surface coating on the absorber 
• plate, nor improperly installed rubber, plate 
7Tioun!s. These problems will reduce the efficien;^ 
cy of the collector. Also, chebk for rf^issing p^rfs 
^Defore beginnirj^ installation. 

Colfectors wllJ need to be hoisted tO/tn.e roof. 
(Panels typically weigh from 150 to 175 pounds so, 
without lifting equipment, this is at least a two 
person job). Collectors should be secured when 
they are in place. Then, additional collectors are 
lifted and placed :next to (or above) the. other col- 
lectors with spaging according to the manufac- 
turer's spegification^ to allow for metal expan- 
sion and contraction. Installers should be certain 
that all flashing'is secured as the inst^jlatian pro- 
gresses. The flashing must be kept from interfer- 
ing with the removal of glass cover plates so that 
the flashing will not be disturbed if ci glass is 
broken. Many manufacturers also recommend that ' 
collector faces be covered during assembly to 
^^oid high temperatures inside "dry" collectors. 

The temperature of the pollector array must 
be monitored. Figure 9-10 shows a thermistor'sen- 
sor mounted on the absorber plate. It should be at 
the outlet of the last collector in the array. An al-. 
ternative is to attach the sensor to the inlet or 
outlet piping. In either case, the sensor is placed 
on the last unit where the tempefature is highest 
^ according t6 the manufacturer's specifications^ It 
is Important that sensor lead-in wires be placed in 
conduit leading from the rpof to the differential 
thermostat on the conVol. panel to protect the 
control system from lightening. Usually 18 to 20 
gauge .wire can be used to connect sensors to 
controllers. 

Rough-In Plumbing. (SMACNA Sections 8.1, 
8.2, 8.3, and 8.4) The next series of events in the , 
construction schedule involving the solar heating 
system is rough-in plumbing. During this phase of 
construction, the inlet and outlet collector mani- 
folds are fabricated by soldering and/or threading 
the pipe fitting&into the collector fittings. Figure 
9-11 illustrates .two of several connecting technt-. 



Coirector 




Structural 
Mernber 



Rack Mounting — Collectors can be mounted at the prescribed 
angla^ a structural frame located on the'^^round or attached 
to ther building. The structural cortnection between. thB col- . 
lector and the frame and the frame and the building or site 
must be adequate to resist any impact loads such as wind. 
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Shingle Roof^ 



2x6 Spreader 
Beam 
Large Washer 
Two Nuts 



NOTE; Roof pitch is the same angle as the 
collector tilt. 



Fig. 9-7. Stand off mounting. 



Stand-Off Mounting — Elements^ that separate the collector 
from the finished roof surface are known as ^stand-offs. They 
allow air and rain water to pa^^s under the collector thus 
minimizing problems of mildew and leakage. The stand-offs 
must also have adequate structural properties. Stand-^offs 
are often used to support collectors at an angle other than 
that of the roof to optimize collector tilt. 



Tie Brace Between 
Mountin gs 



Tilt Brace 

5 ' Stand Off Bracket 

Threaded Rod and Pressure 
Plate Assembly. 

BuJIt Up Roofing 




Structural 
Member 




Sheathing 
Joist 



Two Nuts ^ ■ \ 2x6 Spreader Beam 
Large Washer 

Fig. 9-8. Flat roof rack mounting. Note use of pitch pan. 



Direct Mounting — Collectors can be mounted directly o^n the 
roof surface. Gerierally the collectors are placed on a water- 
proof membrane on top of the roof sheathing. The finished 
roof surface, together with the necessary collector structure) 
attachments and flashing, are then built up around the 
collector. A weatherproof seal between the collector and the 
roof must be maintained, or leakage, mildew, and rotting 
may occuK \ 



Fig. 9-6; Collector mounting oplf^nt. 
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Trim'Facing (Op:ional) 



Boofing Material 



2" X '4" Sleeper 



Trim (Optional) 



Caver Frame 
Mounting Screws 




2" X 4" SleefJer 



Asphalt 
Shingles 



Asphalt 
Felt 

Roof Truss 



2" X 4" Sleeper g^^^,^^ 
Fig. 9-9. Wood frame mounting (2 x 4 sleeper stand offs.) 
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Fig. 9-10.. Collector sensor Installation. 
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Collector Outlet Assembly. 
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ques. Some installations use high pressure rub- 
ber hose to attach the manifold to pipes or to the 
collectors, but hoses will deteriorate over time. 
From the collector inlet side (near the eave), one 
liquid line of the circuit is fabricated to the equip- 
ment room, and piping from the outlet manifold 
ex ends Into the attic (near the ridge) where an air 
ve-^t valve (Figure 9-12) is installed at the highest 
c nt in the system to remove air from the circuit. 
^ -jre 9-13 illustrates several roof penetrating 
practices. The . outlet line then returns to the 
equipment room. Three possible array circuits are 
shc\A/n in Figure 9-14. As in ordinary hydronic de- 
slc the reverse return circuit (No. 2) is generally 
pre ^rred because oif balanced flow paths. 

\\ this point, fabrication practices for the col- 
lec:3r loop circuit in a ^liquid system differ be- 
tween the closed- and open-loop design. The 
closed-loop is a system used where sub-freezing 
terroeratures require that a heat transfer fluid ^or 
an: freeze mixed with water in the col ector, cir- 
culating punip, and heat exchange circuit as 
shown in Figure 9-15. 




^^^^^^^^ 

Nut. , LJ — LL 



Flared 
^ Male Elbow 



Solar Collector 
Connecting Collector to Header 



Fig. 9-11. Typical collector assembly procedure (each 
manufacturer may design a unique system). 
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Centrifugal pumps should be located with at 
least five feet of water pressure on thejntaiv^ sicJe 
of the pumps. This may be difficult to accc nplish 
in 3ome installation^where the heat storcge unit 
is placed underground. However, i| i*3 important^ 
that 'this conditiori be nr>eVsQ that the pumps can^ 
operate efficiently. • ' ^ 

Specificatjotis for the circulating punip are 
based on the Hquid flow-rate in.the collectoftb op- 
tirpize the pqHection xxf solar radiation. An expan- 
siori'^tanlcis a'iso installed at this <ime. Jt/may pro- 
vide a handy opening where antifreeze yan bed- 
ded as well as be a reservior foradded liquid -if 
* needed. The expaasion tank also OTovides a place 
where 'the fluid in the circuit csjn expand as it 
heats without increasing the pressure of'the li- 
quid in the system. The other part of the closed- 
loop system can include a domestic water lieating . 
sub system. The key piping and compogents in a, 
typical, water heating sub system are shown it/ Fig 
9-16. Again, there, are any number of variaticms of 
this arrangetrient, but th*e sub system in Ftg 9-16 
minimises the amount^of standby fuel input re- 
quired. One of the advantages to the closed-loop 
system is that only a small amount of.antifreeze is 
needed in the collector loop. This is a substantial 
cost Reduction factor, since a thousand <or more 
gallons of water in the heat stora'^e unit do not 
have to be treated to be kept from freezing. 

. . ' ' ' V 



pap 



Air Vent 



Water Shut-off Valve 




Header 



S - at to 
"ia- -ittir»g 

-lare Nut 



•"T" Fitting 

Fig. 9-12. One type of air vent hookup. Locating vents and 
valves outdoors does pose the threat of freezeups and the 
oppbrtunity for a valve to leak unnoticed. If outdoor loca- 
tions are deemed necessary, use best quality vent and 
valve. ^ 



In area^where sub-freezinig temperatures "Sre 
rare, an ojDen-Joop systeni can be used. This type\' 
of solar" heating system design uses water as it^ 
comes from the cold water supjDiy system for the 
struckjre and is circulated throughout theVhtire 
circuit as illustrated in Figure 9-17. It is essential 
that pipirf^ and colieofers drain completely to 
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Venl-Pipe Flashing Fitting 
■Shingles 
Sheathing 
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Boot" or wea^therproof sheathing must 
completely cover fittings, pipe, and 
seal vent'pipe flashing on top 



Fig. 9-13. Typical roof penetration practices. 



9-10 



ERLC 



Hi 



fr^ezin^ 



J 



avoid, freezing and boil-outs of liquid trapped in 
* collectors. • ' . 

Both systenns, open or closed, make, use' of 
(1) various^ valves to divert the direction'of liiuidl 
flow,% (2) /checlj/ valves, (3) pressure redu^bif. . 
valves, (4) fl<Jw control valves, (5) circul^ng 
" pumps, (6)r flow rate valves, (7) eX'pansion tante; 
(8) tieat exchangers, (9) getter columns (for aH- 
#luminum collectors), and (10) drains and other 
'Components. Most of these 'are located in the 
equipment room. ^ 



.or D 



,ance Valve 
am per 



Heaci^r or Manifold 







2. Parallel Flow — Reverse Return — Reverse return piping sys- 
tems are coisidered preferable to direct return for their ease of 
balancing. Because the total length of supply toiping and return 
piping serving each collector is tnie ^a^ne and' J\e pressure drop 
across each collector is equal, the pressure arop across each 
manifoTd are also theoretically equdl. The. major advantage of 
reverse return piping iSsthat balancing is seldom required since 
flow through each collector is the same. Provisions for flow 
balancing may still, be required fn some reverse return piping 
systems depending on overall size of .the^collector array and 
type of. colieCTor. f 



1, P^arallel Flow — Direct Return — A direct return distribution 
circuit circulates the transfer medium from the Btottom of the 
collector to a return header or manifold at 4he top.Jrhis arrange- 
ment rnay cause severe operating probtems by- allowing wide 
t§mperature variations from collector to collector due ""to flow 
imbalance. Although the pressure- drops*' across each collector 
are essentially the same and at fhe same flow rate, high pressure 
drops occurring along the supply/return header or manifold 
will cause flow imbalance. This problem can be reduced by 
sizing each he^ider for minimum pressure drop although this 
may be. prohibitive because of economic and space limitations. 
Even manual balancing vafves may be difficult to adjusf,' so 
automatic devices pr^ orifices might, be required for efficient 
system performance. Provisions must also be made to measure, 
the pressure^ drop in .i«.g;Jer ^to adjust the flow rate to prevent 
collectors closer to tl^e cirbulating pump from exceeding design 
flow rates and those 'farther away from receivi.ng less. 



Rroperly installed piping is also a concern. 
Copper or high temperatui^ plastic* pipe can be 
used to install the system. In'eith^ case, the pipe 
rfiust be insulated With code-approved pipe insu- 
lation. Neoprene foam (a minimurft' of one-half 
inch thjck) is an example of an acceptable insula- 
tion material (R-4 to R-7)-. ' * 

It is essential th^t all horizontal pipiag 
should be pitched upward at least Va inch per 10 
feet of run to insure adquate drainage. The size of 
the pipe isfe^eicted'sho'Old be great enough Xo aw- ' 
suVe that the water velocity does, n^ot exceed fiye 
feet, per second. Table 9-3 provicJes information 
ibout speiyfic flow rates of cpmmon size pipes 



•Consi3lt plastic pipe manufacturers for suitability at higt^ 
temperature and pressure, 



\ 



Table 9-3, Pipe diameters^ for specific flow rates, 



^ Schedule 
Pipe Size 


Gallons pc 
Minute 


Velocity 
FPS 


Pressure Drop pe^l^ 
1.00 Peet PSf 


,^ 


2' 


3.36 


6.58 ' * 




4 


- , 4.22 


7.42 


' % ^ 


■ .8 


4.81 


6.60 


1 


* 15 " 


5:57 


6.36 


11/4 


• ' - 25 


5,37 


< 4.22 



alance Valve 
or Damper 




Header or Manifold 



3. Series Flow — Series flowjs often. used in large planar arrays, 
to reduce the amount of piping required, by al^owlng several 
collector assemblies to be served by the same supply returri ' 
headers or manifolds. Series flow can also be employed to 
increase the output temperature of the collector system or to 
aHow the placement of collectors on non-rectangular surfaces. 
Either direct or reverse return distribution circuits can be em- 
ployed, but unless each collector branch has the same. number 
of collectors^, the reverse" return system has no advantage over 
direct return — each would require flow balancing. 



Fig. 9-14. Collector piping circuits. 
9^11 
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Hand Vent 




riTJ Bell & Goss 



Flg. 9-15. Piping arrangement, for a closed Ioor. system. ^ 
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V Heat Ex;changer 
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■ ; (ITT Bell & Gossetl) 

Fig. 9-16. Dome^ic water heating sub system. 
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lie 



• To insu' 
the followiriL 



- high quality piping installation, 
oresented: 



V 



1 

/ 

. J 



Ten Comr . ::ments Good Piping Practices 



of all pipe or tubin^^staould be 



3. Use 



4. 



pansjon ta#iks may be required in sc ar>systenis 
^relarfve to conventional water^ filled hydronic ^ 
heating sy^ema Most ^ anslon tank'manu- ' 
faptu/ers provide/ simple - -^g information 

baseg'on \)^olumj of yvatef j^ia: ''":id the ' 
'jjpystem and temperatore r% ^ s^^^' 9y^^ 

The Installer mu^t^e ■ ib'leno^ of ^ 

^ an electrolytic action tha^ (^^^K rapid deconipo- 
aition of dllssimilar QP6t^Ni|HF^^''V copper: and. 
•aluminum. (See bM^^fcl^A Secffon 18.) For exarrv\ 
pie, a dielectric union could b^ installed betwe6)n 
/3/on7and' copper components. Short sect[ons Df 
Th,e use of .soft Copper tubing^^J^minates the Jft'rubyer>Ujbing th^t will withstaNfi p/essures of 
need,fQr elbows. , . - dv/r 15(1 psi can aU 



1. The encr 
> ^ • reamed. 

2. 'Keep bpSnch^ fs. short and as uniform as 
* possible. ' ! 

a mmirnun^pmnber of fittings, and use 
ecceHtric reducers to joia;<Jiffe''ent 43*pe 
^*^4ies . 



5. *^Uae a bending t^p+^for making jail bends in 
^ * theJubing. ' ^ 

6. Allow, for expansion in all long runsbf pipebr 
^ ^ - tubing." Provide aHT|)lexlearance around all 

pipe or tubing whict)'passes tnrough. floors 
, and-w?''^ 

7. Paste ing fp the joists with either 
stapj 6t zir^s, leaving sufficient 
cleara between the tubing and 'joists t(f* 
perm; expansion." ' 

• 8. ""Instal ::ircuits anc mains horizontally and as 
direct as possible, keeping as close to the 
^ . wall as IS practical, 

9. When more than -one circu : Is installed, 
pldce square head cocks in each circuit for 
^balancing. . ' i 

Keep the inside of pipes 



10. 



Pipe joints are extremel 
erating efficienjgy o' the liqu 
ing galvanized pip ng, the 
cbatec with iplpa^ic nt com: 



and tubes clean. 

mprrtant to the op- 
d system. When us- 
hreads ^nauld be 
ounc to insure that 
they will not bak wren tight-^ned. "or opper pip^ 
ing, it is necessary :c clean roth the p oe and fit/ 
ting as shown in Figure 9-^b with son^-e abras*^ 
^aper before making the soiaerea ^on^ection. 

Several manufacturers insist thai no hand 
nut-off valves be placed in the c.oi'ector loop cir- 
jit. This would eliminate the chance tnat a home- 
owner (or inexperienrced. nstaller) may'lnad-; 
vertehtly 'estrict the flow c' liquid and perhaps 
damage ne collectors as a resuit of extiesstve 
-empera res: Still otlig^rs insist that temperature 
crobes c sensors be Installed in a Tee fitting 
"ather than protrude into the collector loop circuit 
and iTioede fluid flow. 

Exc nsion tanks must be adequately sized, 
fxpen- ce Indicates that larger than no'ri;nal ex- 



_ also be us^^ tc^ minimize/elec- 

t,rolysi^-Electnply/tic action will caOse erosiofi of^ 
the rnetal and th'e^b^d-up of a ca^riuttixarbonate 
depQsl4*near the joint that witi restric: liquid flow 
rates. For all aluminum collectors, installation Qf 
a getter columnJFigure 9-19) in thexrollector loop 
will also help to rninimize the crotelem of^de- 
terioration of some components. 

Sensors manufactured with pipe threads 
must'be made watert'ght when they are. installed 
In tanks and pipe fitti-^gs. Bulb wells, v^fhere jsed, 
rftust also be watertic~ . 

Once ttie; rough- ' plumbing has 
pleted, the sfctem must be systemat 



be^ 
cally 



corn- 

fille'd 

and tested foiTleaks. Collectors, tank^.pipes. and 
pumps; are fmed with water and pressurized -to 
the limits th'at-thfi^component manufacturers spe- 
cifyrWhen testing has been completed, the parts 
of the system that must be protected from. heat 
loss are ready to be insulated. Note: "his aptivity 
should not be performed cold weather if therei is 
no heat in the building: Also, it may be necessary 
to drain the system after testirr^if therd is a pds^il^ 
bility of subfreezing weather before the auxiliary 
heating system becomes operational. -lAn alte.T- 
nate procedure would be to use air to pressure 
test the system- ^ 

^ . . 

Electrical Service, The next phase of con- 
struttion relative to the solar heating system is 
electrical service. The first step i^o ro.ughnn the 
service wiring to the location of Jhrfe main control 
panel. The second step Js wiring for the sensors ^ 
from their various locations to the control panel. • 

After the rougfvin electrical service is in- 
stalled, the ^olar system control panel can be as- 
sembled. (See SMACNA Sections 16.1-16.8) this . 
panel consists of (1) drfferential thermostats, (2) 
controls,, (3). relays, and (4) other electrical ard 
electrc^ic equipmerat- prescribed by the heatirg 
system manufacturers. Be sure that the cori- 
ponents on the panel are well ventilated because 
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il7 



th£L/|^^at ofirierated in 
)ugh^eat sinks 



ust be dissipated' 



■■I 



The auxTliar>f furnace should be msialled)next. ' 
This is important so that ere will be *^eaHri the 
.All ^sors'shoulcT b^ wrrea to their rerspeg- 1 ^,struC'lure wh'fen ■dr^;^wal^(ir pla&ter is-cfpplie if V 
' Ative control terminals al this time. ^ * , cdnstructib- s underway ctprlng colef weather., 

\ rtext, tVie structure must b^*weat^eri.zed. Ex.- \ The^ir ph^se of construction fc^ the liquid 

r^^ferior siding isapplie ^^nd caulked. Sol^ik^heatlng ^ ^cirfcuit ^la h^atifig System isto com.pJete the in- 
' pipes, t^ks^ ^othe^ gomponents arelinsulated "^'stallation the dom^estic hotwat^^s/stem. This 
,hnd inspected. Ttien :he Vefnafnda(j>* the struc- Javolves .connecting and leak-tlsting tfie pr^eatt 
ture— w^lls; iceilings. hea\ duct^sh'oujiliJie^in- ^ / an^ a water. tanJ^c<^to the co^^andKjJt 



sulated.;The amount c- insulating material used is / water-supply pipes and the gas, toll JbT^eleptrical 
deter;mineq.by the gecgraphical area'of the build- W' utility used as an auxiliary water heating energy ' 

^ - 5 rp^ource. , ^ - 



ing site and Qost factors. 
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Condition 


Valves 
■ Open 


v.^:ives 
Cosed 


Pump On 


'■ 1,2.3.5.6 


— ^ 


Pump Off 
'or 
Power 
Failure r 


4 


1,2.3 , 
KJo. s 5 and 6 
Slow Close 
Below 50 F . 



To and FroTr 
Terminal 
Sub System 



, / Pump 
Pressure Reyuj^g^Valve 



Y 



Disconnect Line 
Fig. 9-17. Drain down an open loop system details. 



f 




^8" X 8" Long 
Sheets of 
Aluminum 

"Gettering" 
Elements 



Nylon 
Rod 



Fig. 5-19. Ion "getter" tolun^ 



Air Systenisf^ • 

. 5c>i^-assisted air heating systems are es^en- 
tialfy :ne sam6 in crer^tion- as^ the liquid system^ 
Only the fcompdner .s ar^ changed. Collector de* 
^ signs ar^ different. Pipe: oecome ducts.Tans re- 
' place pumps and dampers repia'ce valves {Seei 
- figure 9-SO). ^ ' ^ . ' , ' 

, Sctieduling construe joh for the^ir sys^m is 
^omgarabte io" that for the liquid Sj^stWo. The.in- 
a/ "^taller needs.to kno'w^what the physical spex^ifica- 
^ tionsfece fof each gomponent and wher6 the bmlder 
. ' platis to'h^ve^he device located. 

Heat ^orage> Unit, (SMAONHA Section l).5, 
ancj^H.Y) JR6ck filled heaf^torage units for air 
>^ircjulatjng s'olgr heating systems are normajly 
' copstruc^ted on-site.^They can45^ m^de of;poured * 
cOq(?ret^ concrete blocks, reinforcetfyvo^od fram^ 
* ing, or prefabricjated steel boxes. IcL many 'in- 
stances, 'one or'more of tTO skJes of the concrete 
storage "bgx" may be an integral part of the fpun- 
dati'on of the structure;^ ' 

Footings.^or tfVe heat storage unit are poured 
simultaneously withhhe basement footings. Keep 
in mind thattock has one-fifth of the heat storage 
. capacity's Water and»that rocK is almost twice as 
heavy as water. Thereforf the unit with . given 
storac" capacity will be ar 
by volume", and must su- 
much weight as a liquid sc 

The heat storage conta ner can "be fabrricated 
'of concrete blocks witr 3/8 inch reinforcing rods, 



jt five times a5 iarge, 
ort almost twic^ as 
ar heating system. 



Insu nted Duct 





Auxiliary Heating • 

Electronic Air Cleaners « 
• i 



> Storage Area 
Service Hot Water Coil 
^Air Handler 



(Research Products) 



Fig. 9-20. At! a\r system. 
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ii9 



V 



poirred-ln-place concretfe, or wood framing in . can 



c^ntinu(^ecause^of the weight of rd'clK cc 



oul-of-th|way^ocatlon,^The unit may bedesigne^ ^ crete heat* sVorag'e ^uriits should be, limited 



horizonta-Hy (sjee Figure s9-21)» or cubical (Figur 

. 9-22) - \ ' . - 

If wood frame construction is selected, it^^ 

sh(wjlabe constructed usirig' a minimum^of 2 >< 4's 

on 16 Inch centersj^ith V:^Jnch plywood^Qfi both 

^ _sirfes<of the studding.' Full insolation (e.g., ifiber- 

■•gll'ss or rockwoQl) shcfuld be placed t^etween the v 

studs. The inside of the plyW/bod' should be co- 

' vered ^jit^h fire-rated she^trock. inlef and\outlet 
^duot openings myst pftividfed for vyhen the 

• franing is being'construgted. Al^o, filtersishould \ 
be installed^op either side of the slorage W^to re-- 

\duoe dust aticumulatiQnA T ^ ^ 

The builder mDst ke^ipMn mind that an access 
dpor^must be provided^n the top to allow nor 
. -epoctibn of the rocjjs. This is^essential because, 
wheh^cks become coated with dust^tbeV Jose • 
some of*their heat absorbing cap^feflities' 

The t|ox can then be filled. with washed rock 

' (up to fjst size), Filll^ig the bo^ should/be done jn 
such a way that dust is minimized. The systenrl 
may be designed for a storage unit heat sensor to * ' 
be plac)5d in the center of the unit ratlrer than'the , 
top or bottom. In this. case, fi.lling will have tp be 
stepped while the sensor and necessary conduit 
and wire are put in place. (The seh^ is placed 
near the bottom in most ca5Gt\.)vThen the fijling 



Plenum ' 
(Both Ends) 



Removable Top ' 
on Inspection Doors 

N ^. ^ . . " .^ - 

4'' Cro^s Blocks * 
12 Inches apart to prevent ^ 
"short circuitihg" flaw pattern 




^abou; 6 feetin rffeight with a^out 5 feet of rock 
mg. ThB insulated and'se^'fed top, nof nqpess 



rili^- 



made of^oncrete, should X)e air \i.gh^nd porH v ■ 
place as soon as possible to prev$Tit rocks fror^' 
^^tYir^ dusty. ^ ^ ^ ^ ' . 




Pebbles 



Wire Screen 
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Bpnd Beam Block 



Fig. 9-22. Cubical storage. 



Cap Strl^. 



Collector 
Panel 
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ToVPanel — A/HUnit 
(18 Ga. T'Stat Wire) 
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Clamping Collar 

Fle:i^Duct. Seal 
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(Solaron) 



Fig. 9-21. Horizontal flow pebble-bed. 



Fig. '9-23. Sensor location fn air collector. 
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. Preparations%or Oallebtor JnsteHatio'n. Qon- 
'^^struction* scheduling continues front this- point ' 
the placemerft of girders, floor joints, and 
^ubflooring. ' Exterior > walls' are then #amed, 
^sheathed,^and erected. -Foljowing these afciivities,* 
the collector supports, roof , rasters- or trusses, 
sheathing. and 'fel!^are set ir^p^a'ce. Interior parti; 
Hons that ar* typfcally non-l9ad-bearing'may'need 




(Soln'on.^ 



Fig. 9-24. CoHectors bemg tastened to roof. Note "pull up'* 
tool u^ed to draw collectors together for. proper spacing 
and to seal Interconnectirig ports. 



tp^j^ fabricated if 'adgfed sxipport '<k required.^or^ 
^ thexollectors. • ' > ^ ' -r 

AfterAhe collectors are inspected, the ^b^ 
^ sorber- plate sensor is^ .rnstallecf in the inlet or 
• outlet^collector (Figure' 9-23). Then'the ctjIlecUors 
/ ^ are ready to be hpistec^ into place. TheVrr^y of 
collectors^' VilK be mounted on "Jhe rooU. as, 
^ predete>mingd-durin"Cpthe d^gn phase of the prq- / 
\ ject. A chalk 9ut!l<ie 6f/tha'actu«rarray shoiild b^^' 
^ made oti the roo/lhg telt ajs well ^ sheathnig tcr'" 
determine lo5atiof> cff -cuts for duct^onoection^B. 
. ;^ Coyficipr Array Installation.. The\ collectors*^ 
are mounted 'one at a time 5n the roof. (§ed^ Figure' 
'9-24). A typical layout is^howQ ^ Ffgure 9-25. The ^ 
holes in the,shes(thing^^^,plaeed so they will lifm 
up'with the icilet^aRcJ ouftet duots fbr^acf> array. 
Note that the openings Jor duct manifoltl-to" . , 
-collector connections are'typically join.the back of 
the collector casing^ Panel-to-panel series con^ 
necfions are /nade'^directly to^^^ach other by 
means^of^fl^ged'openings wjth^a mlt^Qg gasket. 
Unused ports are capped to prevenTalrfeaKage! ^ 

As the collector array is put in place, the 
flashing and roofing.cah be Installed. If the collec-. 
tors are an integral part of the roof, the, flashing 
vyill cover tjie.sides and tqp edges of the collector - 
panels. This procedure will prevent water from en- *^ 
tering the duct holes in the roof. Narrow cap st/ips 
of flashing material keep vvater j/om getting be* 
fween the collectors. In addUioh, the cap strips hold \ 
the glass cover plate in p|a,ce (see Figure 9-29). 
When the ehtire array has beeg sealed with flash- 
ing and cap strips, work on the collectors can con- 
tinue with the installation of ducts leading to the 
equipment room. . v . 



Array No. 1 
. Du^t 
Unlet 



. Array No. 1 
. Duct 
Outlet 
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Outlet 




'Starter 
Ranel 

1^ Starter 
^ ^Strip 



Array No. 2 
Duct 
y Inlet . 



Chalk Outline of 
Oollector Arfay 
Perimeter 



Pig. outline of collector array. 
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Lay Bead of • 
Caulking Under ' 
Collar Flange for 
Airtight Seal 



Manifold Section 




Starting Cpllar 
(w/Flange) for 
Flex. Duct Conn. 
Must^be Insulation , 
Guard Type (Collar 
Extends 1 " into Panel) 



Clamprng P?rng for 
Securing ^Flex Duct 
Connection to Collar 



(Solaron) 



Fig. 9-26. Collector duct ^nnection 



Duct Work 'Installation 



* \ • 

.This phase of the 
construction schedule'rs extremely imporjant. Its. . 
function for iKfi-air systep compared to^the ^ 
^ planibing acViWies^in the liquid sy^tffem. (Referto , 
Figure 9-28L) All duct.w^rRlshoulcJ be insfallgfJ ac- 
cordiTig-kiySMACNA Section 7.1-7.13 standard's. 

*Rough-in duct work activities involve all 
ducts from ihe collector array to ^l^t^torage, taV 
auxiliary h.eat.-and to airdistribution systems, The ' 
prpcess jcan start in the attic at 'theicoll6ctor inlet 
and outli^'^ducts. The collecto|y may be con- ' 
n^cled t0 eachpther in a num^fef of flow circuit • 



; End Cap^ , 



Gasket ^ 

' . , ' ^ 2 ".No, 8 Screws (Typ.) ■ 

(SOlarOn) 

^ Fig. 9-27. Collector ' pprl" assembly. 




GasKet 



^Solaron) 

porl" before" 



_ is centered on • collector , 

hoisting and positioning panel' alongside a companion 
module. t 




patterns. See Figure 9-30. Collector nianufactur* 
ers specify Jhe Viumber of manifold connections 
(inlet«-a*nd-outlets)f equlTed for each array patterr^.' 
There ma^. be more thaf)*Qfie array on a rppf. yvheh • 
^ thig^ is the case, ttiei^ is a.'^eed for separatevjniet 
and o^^ffet^manitolas. Manually operated dannpe/s 
may have fo be4nstalled to insure evOT flovv-rate 
through eacKarray. RemernJber*that pro,pe'r flow is . 
-eriticaf to cpliector.effiCiency. \ ' 

PuctsTeading" from the (l)^orfGfctor* inlet to' 
.the'heat storage unit ^d (2) cqlj^tor^outlet to^the 
equipment room^are installed next. Space, for 
thesesducts aMhey extend>from th^oof 4d ttie. 
#,equipRnenl room and the storage;unit (probablyi-n ♦ 
1he basement) will require one.0rmor'e square fe^ 
of 'floor sTjace.^ The butlding' pl^s shou^cf -show 
^the siz^nd -location where the ducts, will p€ss . 
thr6ugh the vario'us ceilings and floors. Dqcts 
rnayj^made of fiberglass ductboard or-of^gheet 7 
me>lferlined on, the insicje or covered on the out- . - 
side with 'fiberglass insulation. Fiberglass duct- 
board should.be used In places where it is will pro- 
tected because itxan be damaged easily.. Fiber- 
glass duct joints must be joined and sealed with > 
the recommended ^dihesives. Metal ducjs may be\^_ 
jointed with 'drive Q\\ps (Figure 9-32) and covered 
with joint tape so they will be air-tight. Bends or 
elbows* in the sheet metal ducts^ should contain 
turning vanes to minimize resistance. Ducts caa 
'be supported by using standard mounting pro- 
cedures. 

Connections between ductwork and blowers 
^hould be made with flfexible^^nnectors. There 
two reasons for this practice. One is that any 
3ise from the blower will be dampened by this ' 
fafcric-type connection. (SMACNA Sections 15.3 
aniiJ.8) The other reasonMs that the blower c^n 
remoVe^ easier for servicing becaus^ these flexi- 
ble fabric-type connectors are held in place with .. 
.sprews. 

, The collector inlet duct extends from the roof 
to the heat storage unit which is usually in the 
basement, in a crayvl space,. or possibly under a ' 
garage floor. The collector outlet extends from 
the roof to the equipment room. 

Equipment Room Systems and Controls. The 
space used within a structure to^house the neces- 
sary equipment for an air system 'may be exten- 
sive. This is particularly true ilf/the heat storage 
unit is placed'fhere as shown in figure 9-33. ' 

In the equiphnent room, tha cfuet from the col- 
lector isattached to the'air handling modute. See 
Figure 9-35. Thi'S^it functions in a manner simi- 
lar to* the eiectrically controlled valves In tHe li- 
*^quld system^^e nr^odule automatically direct air • 
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Field-Drill Matching ' 
Holes (Cover and 
Wood Frame) 
Type -Corners 



L" Cover Plate 



Typical Long Member 



Cap Strip 

Typical Short Member 




-Perimeter of Collector 
Array) Installed to Insure 
a Solid, Weathertight Base 
for Installation of Cap 
Strip and Flashing 



Nailer -Frame (Entire 



y 



Fig. 9-29. Cap^trip installation. 
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J Typical Collector Installation 



Fig- 9-30. Collector array details. 
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Fig. 9-33. Equipment installed indoors. 



flow throughout the followlng'operational modes: 
(1) space heating from the collectors, (2) space heat- 
ing from the pebble-bed heat storage unit, (3) space 
'heating from the auxiliary heating unit, and (4) heat- 
ing the rocks in the heat storage unit. Internal 
components of this module include: (1) a blower 
operated by a motor with the proper horsepower 
• rating to control a specified air flow rate, (2) four 
motorized dampers, (3) a 24-volt controller to 
whiQh heat sensors are connected to regulate 
various operational modes, and (4) an optional 
pre-heat domestic hot water heating coil which 
may be attached to the hot air inlet on the ijiodule. 

The unit is designed to operate in a horizon- 
tal or vertical position. See FigurG9-36. 

A filter isr essential to the ^Hent operation 
of an air solar heating system^Rrevents d,ust, 
picked up in(the air duct system^om coating the 
collector surface and reducing collector outjDut. 




Domestic 
Water 
Preheat 
Coil 



Hot Air from 
Collectors 




Motor and Belt 
Service Area 



Supply Air 
lo Auxiliary 
Fufnace 

(Solaron) 



Fig. 9-35: Exploded view of handler -and damper sys- 
tem used to divert heated air from collectors to storage 
^or to the space to be heated. 





Fig. 9-34. Air handler (left) and auxiliary gas furnace ^ 
\ fright) are shown before drywatt was installed to close Fig. 9-36, Most air handlers can be mounted In a variety 
in equipment room. of positions. 
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The filter should be installed in the return air duct 
supplying air to the inlet side of the collector and 
the heat storage bin. If an electronic air cleaner is 
desired, it should be installed in the return air 
duct mentioned above. Do not install it on the in- 
let of the auxiliary furnace, as the air tempera- 
tures at this location may exceed the electronic 
air cleaner's maximum operating temperature 
(usually 125*'F). 

A pair of back draft dampers are also needed. 
They prevent air from being circulated in the 
wrong direction during the heat-from-collectqr or 
heat-from-storage operational modes. 

Most of the necessary electrical controls for 
the air solar heating system are in or on the air 
handling module. Electrical service requirements 
^re determined by the voltage and amperage 
aeeds of blower motors. 



Conventional electronic afr cleaners can be used In solar 
systems provided Ihey are installed in a duct where air 
temperatures do not exceed the operating limits of the air 
cleaiien 



Temperature^ 
/» |Tc o] S^^or in 



18 ga. (Typieal) 



Field Wiring to 
AjrHandling, 
Unit — Typical 



Solar 
Collector 



Thermostat 




Fig. 9>37. Example of low voltage field wiring connections required for an air system. 
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Electrical Serv/ce/ Electricity for the air heat- 
ing system is used to operate biowers, motorized 
dampers, and various controls. Normal 120 or 240 
volt electrical service is needed at the control 
pahel for the solar heating system. The size and 
number of the wires installed between the control 
pgnel and the disconnect system for the structure 
are determined by amperage and voltages require- 
ments of the electrical controls and circulating 
fans (120 or 240 VAC single phase). For additional 
information, see SMACNA Sections 16.1—16.8. 

The control panel should be mounted In a 
convenient location that allows easy access for 
electrical switch operation. Generally, the mech- 
anical roofT! is the best location. Electrical service 
consisting of one 120 VAC circuit is ample to 
power the 100 VA, 120 VAC/24 VAC transformer 
blower unit^and the auxiliary l;ieating unit (refer to 
local and national building codes). 

Low voltage wiring is needed to connect the 
room thermostat to the control pariel as well as 
between the auxiliary heating unit, damper 





motors, and the^ control panel. Daniper motors are 
typically low voltage. 

FiguriB 9^37 illustrates the various low voltage 
field wired circuits for the system. 

Figure 9-38 shows the various control panel 
connectors for the various controls. This particu- 
lar panel may be located on the air handling unit. 

Plumbing, Very little plumbing is aissociated 
with the air system. The only connections are for 
the hot water heating system where it i« attached 
to the heat exchanger. • 

Plumbing Leak-Testing, A leaR-test for the 
plumbing system is performed by filling the Re- 
heat and domestic hot water tanks and checking 
for leaks. The system must be drained after me^ 
test if freezing temperatures are expected before 
the auxiliary heating system is installed. An alter- 
native to draining the system would be to delay 
tha leak-test of the plumbing until there is heat in 
the structure. 

Air System Leak-Testing. Testing for leaks in 
the air" system is more difficult than in a liquid s 
system. Water dripping from an improperly solder- 
ed joint or loose threads is easy to find. Air seep- 
age from a duct joint is more difficult to locate. 

Leak-testing will have to be accomplished by 
blowing air through the ducts. Leakage may be 
difficult to locate as the tester's hands pass over 
joints and seam6. Another practice .could be to in- 
troduce a non-tpxic scented gaseous material 
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Fig. 9-38. Inside a typical control panel. 
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(room deodorizer) and use the sense smell, as ^ 
well als touch, to locate air leaks. 

When all leaks have been sealed, uninsulated 
componeg^s of the entire air duct system can be 
insulated according to specifications. Once this 
has been completed, the construction s.chedule 
for the structure can proceed. Drywall can be ^ 
hung. The intyior and exterior can be finished. 
After final inspection, the structure is ready for 
occupancy. . 

Auxiliary Hebting System 

The auxiliary heating system tjsed in con- 
junction with a. solar heating systepn is of the 
sanriejtype tha.t is traditionally installed in hooies. 
It is connected tathe solar heat system with pipes 
or ducts. Electrical and plumbing services to 
these systems would be standardized and the p>o- 
per in'stallatioo procedures should be followed. 

Humidifiers may also be a desired element in 
the system. Horizontally mounted humidifiers are ' 
recommended. Locating the humidifiecin a hori- 
zontal supply duct coming off of the auxiliary 
heating unit is ideal. Utilizing a sail-switch' ac- 
tivated duct humidistat will simplify the wiring re- 
quirements of most installations. 




Fig.^ 9-39. Conventional heating units such as this electric 
filrnace can be used as auxiliary heat. 



Some single-stage thermostats will have to 
be replaced^ vvith/two-stage models, although they 
would be l6eS(Ted very much like they have been in 
the past. The multi-element thermostat should be 
located on an interior wall free from cold and 
warm drafts. Be sure adequate ropm air move- 
ment is present so the therm^tat will provide a 
comfortable buiTding^temperatup^. 

Do not locate the thqcmpstat near lamps, 
heat outlets, stoves, fireplaces, refrigerators, tele- 
vision sets, etc. The heat given off by these ap- 
pliances will not allow the thermostat to properly 
control the building temperature. 

The duct work is also standardized to some 
extent. Installation of heat ducts and air returns is 
not part o^ this course but the procedures to fol- 
low are reviewed in Appendix C. 

Domestic Water Heating 

Guidelines for installing ' domestic water 
heating systems parallel space. heating systems. 
Because of the interfacing of the solar system 
with potable water, there are frequently strict 
local codes* that may require doi//?/e safety mea- 
sures ta assure the protection of \t\e occupants 
from any health hazard. 

Recognizing that local codes can and do 
vary, some of the typical installation details for 




Fig. 9-40. Conventional duct fabrication techniques are 
used bi^t seams and joints made air tight. 



standard domestic water heating systems are pre- 
sented in this section. " 

Closed-Loop. (SMAChJA Sections ^19.1 
through 19.6) The following recommendations are 
typical of the system (See Figure 9-41): 

Collectors. Moqnt at determined angle and 
' pitch, as closed to tank as pbssibJe. If lines can- 
V not pitch to. drain properly, install drains and 
vents \b alleviate air. Be sure that piping is run in a 
reverse/return mode. Collectors are rated 50 psi 
maximum. 

Tank, Support tank off floor using concrete 
blocks if possible to allow for draining off and cor- 



rosicJt^b/Dtection if basement flooding should oc- 
cur. Tge^tank stiould be near the existing hot 
water heater since the feed (supply line) to this 
tank is iyiterrupting the supply line to the existing 
system. TWs will allow the solar system to act in a 
•*preheat" mode as well as supply 100% capacity. 
Using a conventional water heater without a fuel 
system is a practical solution. 

Pump. A cast iron circulating pump is suit-, 
able for this closed loop system. This pump is 
connected to the supply side of the collector. The 
maintenance of pressure in the system (12 psi) 
and the use of as few fitting as possible, will de- 
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crease the load on the pump. 

^ Air ^chop/Expanston Tank. This allows the 
water/glycbl in the system to thermally expand 
within the limits of maximum pressure rating of 
the system (pressure relief valve set at 30 psi). An 
air scoop and vent can be placed at this point in 
the system if desired or if not venting can take 
place, at the top of the system. < 

Vent This vent in the top of the air scoop 
vents the air trapped there. ' ^ 

Pressure, A temperature indicator is ijfised to 
indicate system pressure and temperature. Pres- 
sure regulation Is important in a closed system to 
avoid leaks of the glycol. 

Relief V^lve. A 30 psi relief valve, placed 
either in the side of the air scoop or a tee in th^ 
return line next to the expansion tank, ajlows the 
-water and glycol to escape if maximum pressure 
is exceeded. 

Flow Control. The number of panels will, de- 
termine the proper flow rate. Balancing valves ares, 
adjustable over the range required for any number 
of panels. Limiting flow assures proper control of 
velocity through the collectors and maintains op- 
timum collector efficiency. This valve must be 
copper or bronz0^ nof o^st iron. 

Check Valve, A check valve must be Inserted 
to stop thermosiphoning W;,ben tank temperatures 
are higher than^ collector temperatures. 

Temperature Pressure Relief. A temperature, 
pressure relief valve limited to 125 psi should be - 
installed above the hot water putlet slde^f the 
tank. 425 psi is used bec^se of limif imposed by 
the'^eomponents in the system. The temperature/ 
pressure relief drain must not be valved in any 
* wa/ and must run dawn to the side of the tank to 
avoid scalding and water damage. 

Mixing Valve. The upper temperature limit of 
the tank is controlled by the tem^Derature and 
pressure relief valve— usually 210''E^ Although 
tank temperatures this high are unlikely, the need 
to cqntrol outlet temperature for economy and 
. safety is provided for by a mixing valve. The com- 
mon setting for this valve is 140''F. 

Vacuum Reliefs A vacuum relief valve, in^all- 
ed above the cold water irrlet of the tank, alle- 
viates a vacuum condition which can collapse the 
tank. 4 ' 

Air Vent. An air vent is necessary at the 
highest point in the system (the collectors) to^ 
allow trapped air to escape. 

Copper Water Lines. All piping runs can be 
made in Vz" copper. Certain fittings and valves 
will need to be adapted up to Va'' or 1". If runs are 
long. V4" lines can be used to reduce head loss 
( 



(see pump section). Use.95/5 solder for sweat coti- 
nections. Keep elbows to a minimum. Use 125 psi 
rated gate valvgs for shut-off of cold.water supply 
or tank drain. Dielectric unions should be install- 
ed between apy ferrous and copper lines. All col- 
lector pipinq must be run reverse/return, supply 
and return at opposite ends of the arp^. The fol- 
lowing list of valves and fittings may be required 
by local code or desired by customer or installer: 

1, check valve and shut-off valve for cold water 
supply- ^ , , t 

2, drain valve for system. 

Fill Valve. A fill lalve at the top of the system ; 
is used te^manually fill the'lines with antifreeze. 
The line fill valve is used to introduce a small 
amount of water to pressurize the system. 

Antifreeze. Propylene or ethylene glycol is in- 
troduced into the system thrxjugh the fill valve.' 
The mlxture\of water to antifreeze s,hould bedeter- 
mined by the chart applied witfrthe materials. The 
total volume of the system is foundry filling^and 
pressurizing the system to 12 psi with water, 
draining the water into a container and mea^ring 
total system capacity. Determine water to glycol 
mix according to this total. The water introduced 
to bring the system up to pressure.must be taken 
info account when making the glycol/water mix- 
ture. Be sure all lines^re vlgnted when system is 
filled. 

Drain-Down System. 

(SMAGNA Sections IQ.T through 19.6) Typical 
recommendations oh installing drain down 
systems as sh^n, in Figure 9-44 c •^'^ as foilovfe; 




Fig, 9-42. Fastening treated 2x4 standoffs prior to mount 
ing collectors for domestic wafer heating. \ . 



Collectom. Mount at determhed angle and 
• prtcll, as to tank as possible., Pitch collec- 

tors and sufpfy and return prping-so that lines will ' 
drain. 

Tank. Support tank off floor using concrete 
blocks if possible^to allow for draining off and cor- 
rosion protection Vf basement flooding shoul0 Oc- 
cur. The tank shoulcj be near the existipg'^t * 
water heater since the feed (supply line) ^t(Ii^rt'his 
tank is interupting the supply line Ho the e^cfeting' 
system. This will allow the solar system-k) act ifii a 
'•preheat" mode as well as supply 100% capacity. 
A conventiorval water heater witfc^out a fuel system 
is a very practrcal solution. ^ 

(Note: A tankless coil wa'ter heating system 
maintains boiler water heat independent of coil 
heat! This wfll allow only a small decrease in oil or 
gas usage. Consult the boiler manufacturer as to 
modifications which will allow sensing of cojy^. 
temperature not minimum boiler water tempefe 
ature^ ^ 
Pump. A brofnze or stainless steel, not a^cast 
iron pump, has to bemused on a potable'water sys- 
tem. These pumps are connected to.tfie supply' 
side of the collector system. The maintenance of 
pressure in the system and the use of as few fit- 
tings as possible will decrease the load on the 
pump. The low gpm of solar systems will allow the 
use of 1/12th to 1/25th horsepower pumps in most- 
installations. ^ - y ' 

2-Way So/^noid Drain Valve. This is a normal- 
ly, open valve which >will allow the-^supp 
return lines of the coHector loop to drain vyh^ 
froat sensor shuts aff power to the valve. Follow* 
instructions supplied with the valve for^roper in- 
' stallation. ,7 




•Ig. 9-43. Threo. panels for water heating are mounted on 
(tand offs over existing roof. 



. ' Check Valve. Stops ".short-circuiting" flow 
thru the drain loop. Installed so drai'in-back of the 
return line from collector will flow thru motorized 
drain valve. ' . 

2'Way Zone Valve. Acts^s^a check valve bet- 
ween pump and drain valve. Stop^flow from tank 
thru drain. \ 

f/ow Control. The number of p\nels will de- 
termine the proper flow rate. Balancing va?Ves are 
adjustable over the range required for any number 
of panels. Limitihg flow assures proper control.of 
velocity through the collectors and maint^nVop- 
tlmum .collector efficiency. This valve mjust be 
coppej' or bronze, not cast iron. 

^sCftec/c Valve. Installed bjetween flow cprH(;ol 
and tank. Stops flow from tank through drain. 

Temperature & Pressure Relief. A tempera- 
ture, pressure relief valve.limited to 125 psi should 
be. installed above the hot water outlet side of the 
tank. '125 psi is used because of limit imposed by 
the components in the system. The temperature/ 
pressure relief drain -rfTust not be valved in any 
way and must run. down to the side of the tank to 
avoid scalding and Water damage. 

Mixing Valve. The upper temperature limit of 
the tank is controlled, by the temperature and 
pressure relief valve— usually 210°F. Although 
tank temperatures this high are unlikely, the need 
to control outlet temperature for economy and 
safety is pro\dited for by a mixing valve. The com- 
rndn' setting forShi6 valve is 14b°'F.<^^ 

Vacuum. Relief. A vacuum relief valve, installed 
. above the cold water mlet of the tank, alleviates a 
vacuum cbnditiori which caip collapse the tank. 

Vacuum Relief {Col(ectors)r Used^io allow 
positive ven^ting ttirougii |He collector piping 
' when in the, dr^ain-down mode. 

Air Vent. \n this drain-down System, a float 
type air vent serves two functions. 

1. . The vent, when placed at the highest point of 

the system, eliminates the air from the 
system. 

2. ' Ttie unit allows air to escape while the 

system is refilling. , 

Be sure that the vent cap is loosened accbrdi.ng to 
instructions. 

Copper Wat^r Lines. Air piping runs ca'n be 
y^made in V2" copper. Certain fittings and valves 
will need to be adapted up tp* V4 " or 1 ". if runs are 
long, Va" lines can be used to reducer head 'oss 
(see pump section). Use 95/5 solder for sweat con- 
nections. Keep elbows to a minimum Usl' 1P5 psi 
rated gate valves for J7{iut-off of c<^\o vvator ply 
or tank drain. Dieleclnc unions shon' ! bo m. -.H!- 



ed between any ferrous and copper lines/All coir 
lector piping must be run *'reverse/return/' supply 
and return at opposite ends of array. The follow- 
ing list of valves and fittings may be required by 
local code or desired by customer or installer; 

1. ChecK^ valve and shut-off'valve for cold water 
supply. 

2. Drain valve for system. 

Air Systems 

: (SMACNA Sections 19.1 throu^ 19.6) Figure 
9-45 shows the" plumbing arrawement for an air- 
to-liquid Solar water systems. Tne water loop is in- 



stalled "in a manner similar to liquid to^ liquid 
systems. 

Figure 9-46ysholl^ the assembly of tije air to 
water heat exchanger. Large insulated dact^on- 
nect the heat .exchanger to the sol^r collectc^rs.. 
While thee is no danger of freezeup in the collec- 
tor loop circOit, there is a possibility of^^freezeupv^. 
within the heat exchanger^ it is installed in un- 
healed ?pi^es or if coltTlTlr Jfrom col^ctors (on 
sunless, cbfeydays) is moved across thfe tieat^x- 
changer without the water circulating. pump in 
operation. 



Collectors 
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Fig. 9-44. Typical dr|iin down water heating piping. 
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Although it is a remote fk)ssibility, here are 
some guidelines td^ further reauce the danger of< 
freezeup when a DHW unit cannot be placed iri a 
warm area: 

1. /Insulate the exterior of unit with 1" thick 
rigid insulation, 2 lbs. density per square foot 
(R-4 to R-7): 

Insulate a// piping^.. - 



2. 
3. 



Install a "freeze stslt" so tfiat sensing bulb is 
on bottom row of copper)tubing inside' of the 
heat exchanger' unit. 'Freeze stat can ener- 



5. 
6. 



Hot Water "Service 
to House Fixtures 



^ gize either the circulating pump ' or heater 
tapes when the temperature drops. 

Install a drain-down system using solenoid 
•valves that will.be "Fail-Safe" in an op^n 
mode for system draining. 

Install (^rain pan directly under unit and pro- 
vide drain accordin^to local building codes. 

Unit and attached piping mus/ be^gbtected^ 
from drafts or cold ambient air. 



Water Coil ih^ 
Heat Exchanger 
Unit 




Piping Runs Should 
-be Insulated 



Tank Drain 



(Solaro'i) 
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Ffg. 9-45. Air system domestic water heating piping arrangement. 
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7. Install backdraft, clampers In both inlet and 
outlet-ducts where penetrators bet>^een Gold 
.i- and.waFm areas are made. 

^atTROFITTINQ i A> 

^ Retrofit Is a term used to di^rlbe the prac- 
tf^Qerof adding solar tieat to an existing heating 
system; The decision to retrofit must be made on 
the basis of economics. What will the co^t be for 
jnstalHna^n efficient heating system? Can heat 
loads be calculated and. reduced as necessary 
Will the structure support the anticipated addi- 
tional weight? Is there space for the various com- 
ponents? 



|s/er, Double Nuts 
Typical — 8 Places 

2" X i" x24" Channel 
Bar Size. 2 Req'd. 



7^ Mason Vibration 
Isolator R-x-50 
4 Req'd, 



Vt HP 
— 115V 
■ 60/1 t 



-Water 

' Qotlet {%" CD.) 



' ■ ' \^ (Solaron) 

Fig. 9-46. Mounting air to liquid heat exhanger. 




. .Angle Brace % 
4 ReqU^ ' 




Fig. 9-47. Collectors retrofitted oh existing roof using 
existing slope even thoughjt is less than ideal. Additional 
collector |irea mak^ up for the reduced performance. 
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Collector Array. Most existing strilctures 
ha\ie been designed with roof pitches that are less 
than theideai'angie required for fiat piate coiiec- 
tors to optimize coiiection of soiar energy. The 
very common 4/12 pitch roof for exarripie, pro- 
vides abot* an 18- Vi degree inciination. VVhlle- 
racks and stand offs can be used, it's conceivabie-* 
that the coiiector^area required wouid make a resi- 
dential . application impractical-rcertainly un- 
sightly. Ope solution is to accept the angle pro- 
vide by the roof slope and increase the amount of 
collector area„needed as a result'of lost efficien- 
cy.. . . ^ 

Another approach is to use a south vertical 
collector along a wall. Ground locations are possi- 
ble when (fte problems of breakage, shadows and 
ducting are solved. 

Still another solution is the erection of adja- 
cent struotures that may serve not onJy as a 
mounting platform for ^Hectors but other needs 
as well; porch, (jarport, etc. • 

As with new construction, the addition of in- 
sulattion to the structure to minimize the collector 
area required is quite obviously the ifirst step. 

Pipes and Dacts, Heat transfer mediums will 
force the loss of some useable space in the4truc- 
ture. A cornerof^i room or cioset^nsiy bethe alea 




(Research Products) 

Fig. 9-48. Adjacent structure used to mount collectors. 
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Fig. 9-49. Vertical porch wall used to mount collectors, 
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where pipes or ducts frorfi the roof to the'base- 
merrt can be placed, jnsulated, covered with dry 
wall, and rediecorated. Existing joists,; studs, 
sewer lines, and other strijctural features may 
result "in atiditional duct bends'^and pipe elbows 
■ that restrict fluid flow and ultimately reduce the 
efficiency of the system. 

Heat Storage Units. In new construction, 
heat storage units are set during or immediately 
following basement construction. Retrofitting 
creates a different set of problems. How'can the 
water tank ot pebbief-bed be placed In the base- 
ment? Vyhat are the alternatives if interior place- > 
ment is not feasible? 

Pebble-beds. could be located underground 
beside the. basement of the structure. Forms 
could be placed and footings and w^s poured or 
concrete blocks used. Then, openings in t.he base- 
ftient wall would have to be made for cormection 
to the collectors and .auxiliary heat spurce. 
Pebble-beds could be" fabricated with wall studs 
and plywood in the basement. Atter pouring a pad 
for a foundation, the walls could be made of V4 inch 
plywood on each side of 2 x 4's about six feet 
long.'^iberglass batt insulation can be^placed be-' 
tween the studs. After setting the wooden storage 
unit In place, several metal reinforcing bands 



Solar Collectors 




Fig. 9-50. Carport roof u^ed to mount collectors. 




should be placed across the entire assemblyfdr 
added strength, A top can be made and attached 
after the rocks and' sensor(s) are put inside. - 

Heat "storage -units for liquids can be placed 
'on the ground in mild climates, buried, or set in a' 
covered concrete pit beside Ihe structure. Here 
again, insulation is a problem. Another possibility 
would be to remove a portion of the base^nent 
. wall a"nd place the tank inside on pre-poured foot- 
- ings.. Stifl sTnothfer alternative would be to bolt' 
sdffihll sheet steiei sectloris-together to fabricate a.^ 
tatrk inside the basement. 

Using an attached garagfe-could b6 an equit^ 
^able and the^lea^t expensive solution to heat stor-. 
age uni4 placerjient. TNs would be particularly 
^ trueif the space was relatively cj^e to.the CQHec- 
r tors and the auxiliary heating system. 

Heat exchangers and air handling rhcfdules 
wi4J be less of a protalem to get into the building: 
Bui it noteworthy that they will occu'py a con- 
siderable amount of space. The air*handler will re- 
quire some customized sheet nietal ductwork for 
connecting ' the solar heat unit to the auxiliary' 
heat unit. ' > V^. . 

The other phases of solar heating installation 
arQ the same for retrofitting as they are for new 
construction. These would include. placing sen-' 
sors, controls, and Insulation \njhe aplSr'opriate 
. locations according to approved practices. 

INSULATION Q 

y Insulation '.is a critical faqtor in an efficient 
^ h^atino system for any structure- ArtV discussion of 
jnSulat^Dn must include the system used byji^ 
manufacturers to measure the heat traasfer-^ualT- 
ties of their products. This refers to the conductivity, 
in Btu's per hour for each square foot [Btu/(ft2 h)] of ' 
the insulating per degree tempejiature difference 
for each inch of insulation thickness. The higher 
the K value, the /ess effective the insulation. 

It is recognized that the desigc^^nd geogra- 
phic location of a structure will determine the ac- 
tual insulation demands. 

'A point from which to be^n estimating the 
amount of insulation needed in currently design- 
ed structures is as follows: 



(Sun Unlimifed Research Corp ) 

'Ig. 9-51. Maximum insulation must be installed in a solar 
ipplication to assure economical operation as w^l as . 
practical component sizing. 



Attic: ^ R-20 to R-30. 

Sidewalls: 3V2" (or full thickness) 

Windows: Double^pane (thermopape or storm 

windows). • 
D^ors: 1 V2 " 'wcDod with storm door. 
Elsewhere: Vapor barrier, weatherstripping, 

and caulking to minimize air 

leakage. 
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It should be>i^cognized th^t'these specifica- 
tions are minimal and they, will vary depending on 
geographical location and. construction design. 

Th-e whole concept of adequate insulation is^ 
bSised on speps which oan be taken to counteract 
heat IpssTLoss of heawraiB-a structure is one of 
the ^nificant factors^used whdn determining the 
perctotfilge of the average tptal>heat load that cart 
^ be desloned into a solar heating system. At first 
thoughtYhls, refers to walls, ceiMn^s, windows, 
doors, arid fireplace chimneys. However, there are 
some adpitional areas of concern for a st)lar 
heating system. For'example, the back and sides 
of 'the solar collector must be well insulated. This 
task is aqcomplished during»the manufacture of 
the component. In addition, iij^'ulated heat trans-/ 
fer pipes^and ducts must tralnsrtnt heat efficiently 
to weli insulated heat storage and distributio'n 
equipment. Materials used \o insulate the solar 
heating system should -t^ave: (1) low thermal con- 
d4dCtaRce; (2) high resilience; (3) resistance to fire, 
insects, weather, mildew, etc.; (4) a high melting 
point; (5) iow bulk-density; and (8) a surface that is, 
resistant to abrasion. Also, insulation materials 

. should be economical to instctll. 

. Fiberglass, for example, is one of the ' 
materials that meets these.criteria. The extent to 
which fiberglass meets a specific criteria wiJI 
vary;' hov/ever, this fnsulating material has^many 
uses. Liquid storage tanks (space ^nd water 

-heating) should have 6" or more of insulation. All 
' heat transfer mediums (liquid anc;! air) should be 

,cdyered with ^f^east,1" .Qf insijJation (R-4 to R-7). . 
In some special cases, pip?, duct, and tank insula- 
tion can be reduced .6r eliminated wh^n the trans- 
fer mediums are within the Space designed to be 
heated. ^ * 

The pipes for liquids and round ducts for air 
should be insulated with pre-forr^d materials 
which can be slipped over the round pipes and ^ 
sealed. Pre-formed or niolded coverings for el- 
bows,and bends should also be used. Some soft 
flat ma\enals such as fiberglass could be shaped \ 



to fit around $ii pipe but this is not an acceptable 
insulating practice. The reason is that the e'ffec- 
tiveness of the insulation is reduced when the air 
cells are crushed wherever TRe material is creas- 
ed. The same mefficiency results from squeezing 
four inches insulation into a narrower spa,ce. Insu- 
lation should als.o cover, pipes and ducts' where 
they pass througK'floors, walls, and ceilings. Duct 
and piM^changer strapfe should^be placed sffter 
the insi^^tion has b6en installed. 

Insulation is an extrentely i-mportant factor to 
the solar heating systemf. Economics would dic- 
tate that it is more important to design and install 
a 50% heat load splar heating system thdt ap- 
proaches 100% efficiency rather than a 100% sys; 
tem that is 50% efficient. (For more information 
on insulation, refef to SMACNA Section 1.1-1.7 
and 9.1-9.6). 

*, * 



SUMMARY 

It is quite obvious that there are factors to 
consider when installing a '^olar assisted, heating 
system in aew construction or^retrofffting it into 
an existing building. Xdisquate insujatron v will 
have to be^ provided. Space'^willTiaye Xo be allo- 
cated to housing the aecessary parts of the sys- 
tem. .There ace problems, of supporting tfte coltec-^ 
tors on the roof regardless pt^the'pitch. Choices 
must be made between the liquid or air system 
and'what percentage of the total heat load can be' 
effecti^/ely planned for a given geographical loca- 
tion. ' ^ ' \. 

Regardless of the decisions about how the 
system is to be used,rif must be installed and 
maintained properly or tfie^iife of the system will 
be significantly reduced. 3pecific steps required 
to pVoperly balance and ^'tune" the system when it 
is installed are very similar to.troubleshooting, re- 
paiang, and "retuning" services. J*hese activities 
afe presented in the next lesson on servicing. 
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SERVICING 



- A solar heating system must be serviced to 
operate efficiently and effectively. The architect 
heating engineer, heating system installer, anfj 
the owner of the structure must have an under- 
standing of -the- operational principles of solar 
. heating systems. 

Theia^ar^tfiree Kinds of services performed 
.on a solar healing system. First is the installation 
start-up, during which the system becomes opera- 
tional and is tuned for optimum efficiency.Jhe sec- 
ond phase of servicing involves periodic mainten- 
ance of the system throughout the. lifetime of 
equipment and, third, troubleshooting or emer- 
gency service. ^ 

All servicing .mu^ be done safely. When 
working around_solar heating systems, care rfiust 
be taken to guard against burns and electrical 
shock. Collectors are capable of reaching heat ' 
levels of up to 400° F! The possibility for^emrical, 
shock is the greatest when contact i^ade with 
electrical terminals or the wiring, particularly jf 
the atea underfoot is wet as a result of a liquid 
leak or oth^r causes. One of the reasons for using ^ 
24 volt circuity for sensors, "relays, and- themrtT ' ' 
stats is that the low voltage is safer. 

INSTALLATION START-UP 
General Information 

, The responsibilities of the installer and de-, 
signer for the efficient operation of the solar heat- 
ing system are closely related. Theoretically, the 
designer should take enough^time to plan and 
specify every part of the system down to th,e loca- 
tion and size of the last screw. In actual practice, 
however, the designer passes a good ^eat of de- 
sign responsibitity on to the person who does the 
installation work. It is assumed that the installer 
is a skills mechanic who recognizes 'and prac- 
tices standard detail work that, resultsifl a good 
installation, the, designer usually t«fl<es the re- 
sponsibility for selecting the profJer size collec- 
tors and equipment, sizing pip/efe and ductwork, 
selecting and locating supply/lgisters and return 
grilles, and designing the control system. The in- 
staller assuPnes all other^ork in connection with 
the system. 

Trouble which cannot be traced to a defec- 
;ive„part, maladjustment, or installation fault may 
JitKtiately be the responsibility of the designer 
Mo field correctioj«wp add output to the collector 
)r othercQmponi|itsWhieh were selected without 



sufficient capacity in the first placfe. However it is 
sometimes possible for the installer to reduce build- 
ing head load demands and solve the problem 

Duct systems that are too small can often be 
corrected by adding a branch or two. Distribution 
• wtiich does not provide satisfaction because of 
drafts br uneven heating may often be improved 
by relocating.a supply, register or return grille. 

Controls may .fail to function properly be- 
-cause of poor choicig, location", or lack of owner 
understanding. of their purpose, these are design 
faults which can-.usually be corrected on site. 

Solar equipment is manufactured within very 
narrow operational tolerances. There are many 
models, types, and sizes of units to meet prac- 
tically every appJication -requirement. However, 
from the service viewpoint, one.cannot always as- 
sume that the proper -equipment selection vyas" 
mSde-to fit the appUcalion. Neither can it be as- 
sumed that the o^)eMting conditions, as one 
views the installation, are the same as the original • 
design conditions. 

It is important that custCmers are questioned ' 
regarding a change of operating conditions Also'' 
It would be helpful if they understood the effects 




Fig. JO-1. Don t touch anything inside a master control 
panel or wiring compartment of a solar heating system 
until you havp checked across.every power terminal and 
each terminal to. ground to be positive all power is oft 
Use test meters and test lamps with well insulated probes 
miJilo' '° ^"'^ components. And use 

JUMPERS , with great discretion. Components can be 
readily damaged by misconqected jumper leads. Be alert 
and cautious at all times. - 



10-1 



ERIC. 



of these changes on the pperatiOn of the equip- 
ment to i«€ilitate service and operation. 

Manufacturers have acMed sa^efy devices to 
protect equipment 'from operating beyond desigr^ 
limitation^ as well as providing protection wh^ a 
component fails. Sincd the prime source of power 
is electricity, safety devices are incorporated in 
the electrical circuits to interrupt the fijiw of cur- 
rent shpuld danger threaten' the system. For ex- 
ample; an electrical device may wear out or an ' 
electrical component may break down because 
its , limits- have been exceeded.. Eijher problem 
would cause the equipment to stop operating thus 
preventing more serious damage to the' system. 

Start-Up Liquid System 

6tart-up beginsi^afjer the various^ompohents 
have b^en s-et in place;the system leak tested and 
electrical controls connected. Start-up involves 
charging the system, testing control modes, and 
taking measurements of.fluid'flow rates, tempera- 
tures, electrical power, input, etc. 

fvlost collector manufacturers provide a re- 
commended fill procedure. It usually involves the 
use of an auxiliary "charging" pump, hose con- 
nections, and perhaps a' special container if a 
heat transfer liquid \s in'^olved. One example is 
shown in Figure 10-4. 

AsMhe system is fill^, va/ious drain valves 
-must'be closed and the air vents checked re- 
peatedly throughout the' filling process to insure 
they are iunctiomng and not jammed bV some for- 



eign materials. (Remember, the system^ftas already 
been leak tested and flushed durifig installation.) 

All the air will not be vented on the initial fill 
since someair remains "in suspension" in the heat^ 
transfer fluid and will not^separate until thQ liquid 
is treated. This is typical for even ordinary hydropic 
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(Hydronics Institute) 



Fig. 10-3. Following manufacturers' instructions is abso- 
lutely essential for proper Installation and start up. 




From Collectors 
To Collectors ^ 



Fig. 10-2. Designer takes resporisibility for sizing and 
selecting equipment and related cdWiponents. 
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Fig. 10-4. A fill system fo "charge" a collector loop. 



heating systems. However, to insure all air is rj5- 
moved, the servfceperson can4manually open all 
bleed valves every day for the ffrst several days of 
operation. Late afternoon purges are to be prefer- 
red since any air in the system will rise to the up- 
per part of the system near the collector dis- 
charrge'piping. 

After an of the air has been vented, it is desir- 
able to ,cap any drain valves to prevent Accidental 
drainddwn of the system. 

r Many differential controllers have a three po- 
sition switch— 0A7, off, and automatic. The on 
position can be used for test purposes to deter- 
mine if the pump as well as various control valves 
are operating. Upon completion 6f this b^isic test, 
the switch must be placed in the automatic posi- 
tion. Controller .manufacturers usually provide 
testout procedures. One example Is shown in Fiq- 
ure 10-5. ' 

Sensors are the components from which the 
controller receives an electrical signal. Therefore, 
malfunctions may not be the fault of the control- 
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Typical^Wiring Diagram * 
If circulating d^yice (pump or blower) fails to energize when 
conditions indicate, it should be- riJi lining, proceed as follows: 

1. Use a thermon^eter and check to be sure the proper differen- 
tial does exist. 

2. Check for proper voltage {120 V. A.C.) supply to terminals 
5 and 6. 

3. If steps 1 and 2 check all right, disconnect the collector 
sensor leads from the controller. This stimulates a very high 
collector panel temperature and the pump (blower) , should 
energize. Another way to test this function would be to re- 
connect the collector sensor and short circuit the^'Storage 
sensor. This si'mulates an extremely low storage te/fiperature 
and the pump (blower) should energize. ^ . 

If this step energizes the pump, a defective collector sensor 
and/or storage sensor fs indicated. Refer to sensor checkout 
instructions. (See figure^ "10-6). 
i. If the sensors^r^ opecation^t per Step 3. short circuit 
terminals 3 and^ f6tf,the manualoverride and if the pump 
(blower) energizes, -a' defective fnanual override .switch is 
indicated. Check Wiring to switch. Replace the switch- if bad. 

' St 

Fig. 10-5. Checking differential controller. 



ler but of the sensor. Correction of the problem 
can be accomplished by checking the sensor as 
recommended in Figure 10-6 

Once the collector temperature increases to 
the controller set point and pump operation in the 
automatic mode has begun, an operational check 
should be completed to record the necessary data 
for a given system. This list should be developed 
by the contractor ancj^hls component supplier^ to 
meet the specific characteristics of the propri- 
etary design for future servicing points of refer- 
ence. Figure 10-7 is a sample of such a checklist. 



Temperature (°C) 

71 93 116 



(38 160 182 

T4' 




AO 80 120 160 200 240 280 320 360 

Temperature (°F) 

Temperature vs. Resistance Graph - 

If faulty sensor(s) is suspected proceed as follows: 
.1. Disconnect sensor wires. 
2; Measure temperature at sensor. 

3. Measure resistance of sensor with an ohmmeter. An open or 
short measurement indicates a bad sensor. 

4. Check temperature measured in Step 2 and resistance 
measured in Step 3 against the curve above. 

5. Replace sensor if it is defective. 

Fig. 10-6; Sensor Checkout 
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Start-Up^Air Systems 

Generally, speaking, the start-up pf air sys- 
tems is considerably easier than liquid systems 
since the fill/venting procedure is unnecessary. In 
all other respects, control checks, and temperature 
and power measurements are essentially the same. 
Before actual start-up, fojiow these precautions: 

1. Check for proper mounting of belt^drive 
motor. _ 

2. ^Check belt tension. 

3. Check pulleys for tightness on shafts. 

4. Remove all tools, materials, etc. from inside 
the unit. 

5. Check auxiliary heating unit per manufac- 
turers' recommendations. X 

6. Activate electrical power to air handling unit 
and controller. 



7. Check rotation of air handler blower.. 

8. Activate electrical power to auxiliary heating 
unit. 

9. Secure all access doors. 

10. Check operation of all components and sys- 
tems per control instructions. 

Once the system is operating and there are 
no immediately obvfous emergencies, the opera- 
tional checklist as outlined in Figure 10-7 can be 
completed. 

System Balancinjj / 

In the operational checklis/ of Figure 10-7, 
balancing of both air and liquid flows is essential 
to the proper operation of the solar assisted heat- 
ing system. While many conventional residential 
hydronic and warm air systems are not thoroughly 
and accurately balanced, it is necessary that com- 



OPERATIONAL CHECKLIST DATA 



1. Date of recording 

2. Atmospheric conditions 

3. Ambient temperature _ 

4. Thermostat settings 

4.1 Heated space 

4.2 DHW heater 

5. Collector - 

5.1 Absorber plate terpperature 

5.2 Collector Outlet temperature 

5.3 Collector Inlet temperature 

5.4 Condition 6f transparent covers 

5.5 Condition of cover mountings 

5.6 Condition of absorber plate 

5.7 Condition of flashing 
5.6' E\/idence of leakage 

5.9 Balance of manifold 

5.10 Emergency purging, components 

5.11 Pressure drop (manometer reading) 

6. Pipes and Ducts 

6.1 Condition of insulation 

6.2 Evidence of leakage 

7. Heat storage unit 

7.1 Top. temperature 

7.2 Middle temperature 

7.3 .Bottom temperature 

7.4- Evidence of leakage 

7.5 Condition of insulation 

8. Fluids 

6.1 Cleanliness 

6.1.1 Filters in liquid system 

6.1.2 Filters in air system 

Antifreeze (hydrometer test) 

Acidity 

Evidence of corrosion 



(sunny, cloudy, etc.) 

°F 



/^F 
°f 

°F 



10. 



11 



Heat exchanger (liquid closed loop or air handler) 

9.1 CoHector inlet 

9.2 Storage outlet ^ ^ 

9.3 Auxiliary heater outlet 

9.4 DHW preheat 

9.5 DHW cold water supply 

9.6 Poofpreheat ' * 

9.7 Pool water-return 

Dampers 

10.1 CJeanliness 

10.2 Condition of weatherstripping 

10.3 Evidence of leakage 

10.4 Motor(s) operation 



6.2 
6.3 
8.4 



Valves , 

11.1 Evidence of leakage 

11.2 Evidence of corrosion 

11.3 Solenoid effectiveness 

11.4 Cleanliness of filter screens (If present) 

12. Auxiliary heating systems 

12.1 Evidence of leakage 

12.2 ^Electric heat 

12.2.1 Condition of lead-in wire 

12.2.2 Condition of heat element 

12.3 Liquid or gaseous fuel 

12.3.1 Evidence of leakage 

12.3.2 Condition of upper limit switch 

12.3.3 Condition of tower limit switch 

12.3.4 Condition of automatic valve 

12.3.5 Condition of pilot flame . 

12.3.6 Condition of burner flame 

12.3.7 Condition of electrical controls 
12.3.6 Condition of blower 

. 12.3.9 Condition of air-return filter 
12.3.10 Condition of sediment filter (oil) 



Fig. 10-7. Sample operational check list. 
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piete balancing procedures be followed using ac- 
. curate testing and balancing, instruments. Each 
System should, therefore, be planned from the 
^ very outset to ease the balancing task by proyid- 
• ing fdr pressure and temperature measurement 
stations. Before any attempt is made to balance a ' 
system,' time should be spent to prepare. Here are 
several items which should consider before star- 
ring the job: 

1. Inspect the entire job plans and decide on a 
specific approach to balance the system. By 
reviewing the plans ^^nd specifications, a 
contractor can determine a definite step-by- 
step procedare. AttMs time, it can also be 
determined if th/Bfe are any variations be-, 
tween design d/awings and shop fabricated 
drawings. 

2. Make up a complete set of work sheets in ad- \ 
vance. Properly organized, these data sheets 
can produce a time-saving record of all niea- 

: surements made as the system is being bal- 
- anced. 

3. Have available register manufacturers' rec- 
ommendations for measuring air quantities 
at the diffusers and registers. Then prepare a 
list of. -needed air flow measurement factors 
(K values). 

4. Have available pump and fan performance 
.data as well as collector pressure drop 

information as supplied by' component 
manufacturers. 

5. Plan balancing procedures so that the back 
dampers provided with' the diffusers or regi^* 
ters will be used only as the final trimming of " 
the air distribution system. Do not do this for . 
initial system balance since it often leads to 
coniplaints of excessive whistling noise and ' 
possible poor air distribution. 

Instruments for System Balancing 

^ There are many air balancing instruments 
available and the question is often asked, "Which 
ones are needed to. do a. good job?;^ Experience 
suggests that the following instruments are needed: 

1. A deflecting vane anemometer, such as the 
AInor "Velometer," for measuring air velocl- 
ty- 

2. A rotating' vane anemometer and stop 
watch— also for measuring velocity. 

3. A Pitot tube and connecting hose to sense 
static or total pressuffe. 

4. Various pressure gauges such as a manom- 
eter. U-tube^ slope gauge, and magnehelic 

- gauQO for indicating pressures. ' ' ^ 
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5. Thermometer fo,r temperature measure- 
ments at various duct locations. 

6. Tachometer for measuring fan rpm. 

^' "^^^^^"^^P JTieter for^checking the fan motor 
^ voltage and amperage. 

The importance of an -instrument that is pro- 
per// calibrated cannot be overemphasized. The 
instrument should always be checked before bal- 
^ ancing a job. With this in mind, these precautions 
should be followed: 

1. , Always follow the instrument manufacturer's 
recommendations for checking the calibra- 
tion of the instrument. Most Instruments are 
very delicate and if they are dropped or 
bumped excessively, calibration can be 
changed. Using an out-of-dalibration instru- 
ment can only result in a poorly balanced 
system. 

2. ^ When possible, the same instrumeht'Should 
be used for the entire job. More instruments 
multiply the danger of calibration errors. 

•3^ If more than one instrument has to be used, a 
check should be made to compare how close 
they read. Variations between instruments 
shoulrJ not be greater than plus or minus 5 
percent.' 

For a thorough explanation of balancing proce- 
. dures, refer to SMACNA's Testing, Balancing] and 
Adjusting of Environmental Systems manual. 

PERIODIC MAINTENANCE 

Correct maintenance is perhaps even more 
critical for solar systems than for conventional 
systems, and the owner must be aware of this. 
Contractors(^might offer' a yearly '^service pack: 
age" for thpse consumers who do not wish to as- 
sume maintenance responsibilities. The items of 
maintenance which mast be emphasized are: 

1. Air filters—change monthly for the first three 
months and quarterly thereafter. 

2. Liquid filters—change after the first month 
and annualJy thereafter. 

.3. Antifreeze solution— check annually, change 
when color indicator changes color. 

4. Blower drive belts—check annually and 
change if worn, * 

5. Pumps — lubricate at fixed intervals suggest-, 
ed by manufacturer. ' 

6. Liquid level — check weekly for first month 



and quarterly thereafter. If liquid level ^ps, 
check for leaks. Also, check any time the 
electrical power has gone off during the day. 
if low, refill with proper antifreeze solution. 

Component Maintenace 

Here'are specific maintenance steps for each 
solar component: 

Coflectors. Collectors are the heart .of the 
solar heating system. Servicing involves trouble- 
shooting and repair of various elements in the col- 
lector^ 

Transparent Covers, Outer covers should be 
free of dust and dirt, chips, cracks, condensation, 
etc., arvd the. rubber mounts should not be cracked 
from the effect of weather and heat. Inner covers 
should be inspected for the samekinds of physical 
deterioration. 

Absorber ^Plates. Different inspection prac- 
tices will be utilized for air or liquid absorber 
plates. The fluid transfer tubings and ducts fpr 
each,type of collector should show a similar pres- 
sure drop between the inlet and outlet fittings. 
Pressure drop across each collector is measured 
with jdi manometer (Figure 10-9) or by temperature 
rise.* The fluid levels in, the two sides of the joop 
will be even when the collector is noj oper§|j|§. 
When fluid is passing through, tbere will be iSi dif- 
ference in the height of the Uquia in each tube. An 
efficiently operating collector will have about V2" 
to 1" difference in liquid levels in the tubes. 

The temperature at the top of each collector ar- 
ray should be the sanrie. A hfeat flow meter, thermo- 
meter, or surface pyrometer can be used to measure 
this characteristic. Differences in temperature 
can be balanced by opening or closing the flow 
rate valves at the top (outlet manifold) of each col- 
lector or array. If adjustments do not correct out- 
let tenrTperature diff^,rences, there may be corro- 
sion constricting the tube which will have to be 
removed. 

Inspect the absorber sensor. It should be at- 
tached firmly to the plate and a small amount of 
th^moconducting compound should be present 
between the plate and sensor to increase sen- 
sitivity. 

Absorber plafes are coated with flat black 
paint or special heat-absorbent selected coat- 
ings. The manufacturer's literature should iden- 
tify the proper touch-up friaterlal if the surface 
peels or gets scratched. 9 



, . — ' 

•Qn a clear sunny day (ail day), around noon, a temperature 
rise from 15 to 25 degrees for a liquid loop and 60^75 degrees 
for an air collector would indicate effective oApration. 




Fig. 10-8. A visual Inspection Is an Important part of sys- 
tem maintenance. 
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Fig. 10-9. Details of a "U" tube manometer. 
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Tubing, Tubing on the absorber pla/e may be 
K loose or have pulled away from the plate. If this 
happens, he^Jl transfer cement wjll make the tube 
^ stationary and fill in any voidssbetween the tube 
and the plate. Poor tube-to-plate contact reduces 
collector efficiency. 

Pipes. Liquid transfer pipes should be well in- 
sulated. They should be mounted solidly. There 
should be no visible signs of leakage either from 
the water in a drain down system or antifreeze in a 
closed system collector loop. 

Ducts. Air ducts should be sealed to prevent 
leaks. Passing a heat flow meter sensor or simply 
your hand across the surfaces of each duct sec- 
tion should reveal any hot area thus indicating 
that the insulat-ion inside has loosened. Disas- 
serT]bly will be necessary to correct the problem. 

^ Heat Storage Units, Storing heat in a pebble- 
bed or liquid tank^hould be a rather maintenance-' 
fre^ proposition. Using concrete for a pebble-bed 
or liquid container poses maintenance problems 
if it cracks because of poor quality control in the 
batch of concrete or inadequate footings upon 
which it is placed. Water backing up from a clogg- 
ed sewer or inadequate surface water handling 
systems (resulting from' a hard rain) could flood 
the pebble^bed and cause a difficult rock cleaning 
problem.-lf the lower opening in the concrete con- 
tainer Is leveJ with the bottom of the pebble-bed, 

drainage of water when, cleaning the rocks can be 
handled easily. 

There are problems with making water tight 
concrete-to-pipe seals for liquid systems. Silicon 
can be used under a pipe flange when it is bolted 
to the container. 

Fewer problems exist with glass or stone lin- 
ed steel tanks for water storage. The unit is 
maintenance-free unless the water can make con- 
tact with the steel and cause harmful rusting. 

A totally fiberglass tank would be as near 
maintenance-free as could be expected. (Remem- 
ber temperature limitations, however.) 

Inspection of the steel or fiberglass water 
tank ir^sulation will reveal h^at loss sources if the 
coverihg is split or loos^ This problem can be cor- 
rectecf with special tapes and adhesive materials 
manafactured for that purpose. 

^ Fluid r/-/Qa/d;. .Maintaining the liquids to the 
proper specifications has two very important 
functfons. Unless- an adequate amount of anti- 
freeze is used, Extensive damage'to the heating 
system and structure can result from freezing. 
Care must be taken to check the antifreeze con- 
centration regularly. ' 

Corrosiorj^hich causes metal deterioration. 
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especiall/iron and aluminum, can be costly. Cor- 
rosion inhibitors should be added to the system 
as needed. The iron neutralizing material in the 
getter columrr should be checked and replaced 
when it decomposes. 

Fluid (Air), Contamination of air can be con- 
trolled by filtering. Filters located near the pebble- 
bed in the air return from the heated space need 
the same kind of attention as those in a conven- 
tional heating system. .■-} 

Air Handler (Air System Heat Exchanger). 
This units contains electrical controls, plumbing 
connections (for, DHW), ak diverting dampers 
^ (gravity and/or motorized), a blower and a blower 
motor. Removal of a side panel allows access to 
the blower and- motor for oiling. Damper adjust- 
, ments, as w^ as the. rubber seals on the louvers, 
can be inspected and repaired or adjusted as 
needed. Water leaks from the DHW coil can be lo- 
cated easily, but additional disassembly may be 
necessary to make repairs. 

A discussion of the electronic controls will 
be taken up in the controls section of this lesson.. 

Dampers. Dampers located elsewheri^in the 
air system should be maintained with. insplction\ 
and repairs as noted for th6 air handler, f ' ' 
Valves, Valves , are subject to leakage and 
corrosion (from* electrolysis the same as other 
components). The balMn.the back-flow check 
valve must be free to move. A valve replacement 
must be made if the stainless steel ball inside is 
4)o\ free to move. Solenoids or automatically con- 
trolfed valves will short out, especially i<;they get 
wet, and must be replaced. Valves containing 
screen filters must be disassembled and their fil- 
ters cleaned periodically. Air-vent valves must be 
replaced if t^e float becomes Inoperative. Other 
valves which are installed to prevent over- 
pressurizing and/or overheating should be check- 
ed to determine if they are operational. 

Auxiliary Heating System, It is not within the 
objectives of this lesson to describe maintenance 
procedures for auxiliary heating system. The op- 
erational checklist presented in this lesson 
should be adequate to describe the maintenance 
demands of the system. 

Domestic Hot Water Heating, Figure 10-10 
projiMdes a simple maintenance checklist for both 
open and closec^ water heating systems, includ- 
ing maintenance the homeowner can do. 

\ Sensors, Sensors are generally found to be 
identical as far as their function is concerned. 
They are all nickel wire wound resistors with a 
sensitivity to heat that varies their internal elec- 
trical resistance. For example, a^sensor may have 



a resistance of 1000 ohms at 72^F. As the sensor 
warms or cools, the internal resistance will 
change 3 ohms per A temperature drtfp of 20'' F 
that would cause a pump to energize will change 
the resistance of the sensor to 940 ohms. 

Sensor mounting is accomplished by differ- , 
ent methods. Some are held in place with screws. 
Others slide into bulb wells. Pipe threads are on 
still other models which screw directly into the li- 
quid where temperatures are being monitored. 
- . Sensors are easy to replace unless they are^ 
immersed in a liquid. Then,. the system must be, 
drained until the water level is below the sensor 
mounting hole. 



All systems should be checked at least once a year. 

A. Drain|iown and Antifreeze Systems 

• □ Pump — Check any lubrication points and lubricate as 
necessary. 

n Air Vent — Check for clean float and seal. The air vent 
will "sputter" if there is any debris^ caught in .the unit. 

□ Collectors Clean the outer glazing, AJI acrylic should 
be cleaned with mild soap and water followed by a water 
only rinse. 

□ Tank—- Drain the tank and flush to remove sediment. 
Check all fittings and insulation for leaks. 

□ Re-balaace the system with the flow control fittings 

B. Drain-down System Only 

□ Check system pressure, and its relation to the setting o^ 
the pressure switch. Adjust if necessary. ^ 

□ Remove a fitting if possible to check for scaling. If any 
exl€ts. install a water filter — soft water system such ^ 
Calgon's "Season Treat. ' ^ 

□ Check for clean operation of the solenoid valves by un- 
plugging the tine from the auxiliary outlet. Be sure that 
the drain runs freely. 

C. Antifreeze System Only 

□ Drain and flush the collector loop and re-balance the 
system. 

.^O Refill with antifreeze according to instructions. Check 
antifreeze once a year for ph and .scale. If scale is visible 
or ph is not between 8 to 9.6, replace. 

□ Check system pressure and relieT valve in collector loop 
for proper pressure range. 

D. Homeowner Responsibility 

1.. Keep alt debris from collector array (such as leaves, 
- brarKhes, etc.). I . 

2. Allow the system to run if you only plan to be away from 
the house a few days. If you plan to stay away for a pertod 
of a month or longer, turn the system^ff at the control or 
breaker paneL ^ 

3. If a leak develops, shut down the system immediately. Call 
your installer. 

4. Periodically check the system pressure, fittings^and pipe 
insulation. If no hot water is circulating from th^*«ollectors. 
check the following before calling a serviceman: (1) Be 
sure all electrical cords are plugged in; (2) Check low 
voltage wire connection to face plate on control: (3) Check 
fuse or circuit breaker which services the system; (4) Be 
sure valves are open (do not tamper with balancing valve). 

5. Conserve water! Install flow controls on shower heads, 
use the dishwasher only When completely full, d6 not run 
water unnecessarily. . 



(Sunearth^ 



Fig. 10-10. Oonr.astic water heating maintnance check list. 



Electronic Controls. The. solid state elec- 
tronic controls for a solar heating system are op- 
erated bythe line voltage (120 VAC) which ser- 
viceS^them ^n^ the sensors which detect temper- 
ature differ:ei5ces and cause the pumps or blowers 
to be energized. The controls are att^aotory ad- 
justed to the specifications required for the vari- 
ous modes of operation. If a Customer needs dif- 
ferent temperature settings than those which are 
established for standard stock controls, the 
manufacturer will prove the alternate settings 
within the control. i 

One of the principal electronic contrbis is the 
differential thermostat. It's\ operation was de- 
scribed in a previous sectio\. This con trol uses 
two sensors. One can bejocate^ in th^collector 
and the other in^ the heatltorade unit. Ufton com- 
mand, the thermostat will enerhize a pump con- 
nected to the relay terminal andldause the fluid to 
circulate through the collector circuit. A pump 
with a maximum operating cur<cmrt of up to 10 amps 
may be used with this unit. Another model of a dif- 
ferential thermostat has two sets of r^y con- 
tacts. One set operates as indicated above and 
the other set may be used to energize the^pump to 
protect the open loop circuit from freeze damage. 
When this condition occurs, warm water from 
toraOe is circulated in the collector to keep it 
from freezing. Another option would be to use the 
second set of terminals to cause a solenoid op- 
erat^ijdrain to purge the collector of water in the 
evenrw near-freezing temperatures. Still another 
option would be to switch on the auxiliary heat 
source if there were not sufficient heat available 
. from the storage unit or developed from the col- 
lectors. 

A proportional control operates much like the 
differential thermostat. The capability KhaX this 
control has is to be able to operate a pump or 
blower at either of two speeds whenever the load 
demand is high or low. Obviously, a two speed 
electrical motor must be used with this control. ' 
By operating a pump or blower Si two different 
speeds, the geed for balance valves to^Rljust flow 
rate may be eliminated. 

A control, called^ an activator, may serve 
many purposes. It can drain a collector, power a 
small heating element added to a collector to pre- 
vent freezing, oh^inge operations f rom jprl'e stor- 
age tank to anpt^^r, activate the auxjfiary teat 
source, or perform any other function thaP is 
desired. . Ji 

Pump-operating ampera^f |!id voltages may 
be required that exceecKthe WMl^ various con- ^ 
trollers for heavy duty circulation sVstems. The re- 
gulators described above can be used, but an- 
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other relay must^e added- forv the extra current 
and voltage requirenrrfents of the heavy duty pump. 

Maintaining rnotoraor other devices with solid 
state electronic control iaquipment is relatively 
- .simple. For example, if a pump does not start 
when it should, use a thermometer first to verify 
that the necessary temperature differential exists 
to activate the unit. Seconc/, check for adequate 
service voltage (for example 120 VAC). Third, dis- 
connect the collector lead from the control. This 
simulates a very hl^gh collector temperature and, 
as a/g*ult, the pump or blower should operate. A 
simife^ check by shorting out the storage sensor 
will simulate an extremely cold condition and sig- 
nal for the pump to start. If the pump does operate 
at this time, the collector or storage .ser>sor is de- 
fective and must be replaced. The fourtfi hheck is 
to short out the service switch. Merely wirln^around 
the switch is sufficient. If the pump operates, re- 
place the switch. Ffffth, if after all of these trouble- 
shooting procedunbs the pump still does not func- 
tion, the electronic control unit must be replaced. 

Proper in^llation and maintenance servic- 
ing will optimize the operation of a solar heating 
system. R)w5per maintenance will extend the effi- 
cient and^fective life of a solar heating system 
• for the gfeatest length of time. A much greater re- ' 
turn can be realized on the money invested if the 
proper. servicing steps are faken at regular inter- 
^vals. ' ^ ^ ^ 

TROUBLESHOOTING * \ 

The quality of service can made the differ- 
ence between succbss and failure in the heating 
business. The custori^ej^^xpects not only a good 
installation, but also prom^pt and efficient service 
m the event of trouble, r/any successful contrac- 
tors sell their customer on the practical aspects 
o^ preventative maintenance. This meanfe an an- 
nual inspection of the heating equipment, made 
during the summer to insure that the system is in 
good working order at the start of the following 
winter. This wilLreduce'the^robability of an emer- 
gency service call in the middle of the winter. 

There is no substitute for^ekperience when it 
comes to efficient servicing. No text could pos- 
sibly cover all service problems. 

By adhering to the rul^, procedures, and 
techniques outlined in this lesson, service pro- 
blems can be isolate^to specific faulty com- 
ponents (or faulty de^n) in a minimum amount 
of trouble shooting time. Obviously, the impor-^ 
tance of understanding and using detailed service 
instructions provided by the manufacturer of spe- 
cific makes and models of controls and com- 
ponents cannot be overemphasized. 



• Unless an individual is ari extremely experi 
enced serviceperson,'the basic approach to'trouble 
shooting has simply got'to be by means of a Iro 
cess of eliminatiop. Four basic steps are recorp 
mended: 

1. The co'mplaint is noted. 

2. The symptoms are determined. 

3. The cause for each symptom is checked. 

4. The trouble is remedied. 

Avoid guesswork. Instead rely on a system- 
atic approach to the problem. Of course, not all 
guesswork can be avoided. The so-called "edu- 
cated guess" of an experienced service techni- 
cian can often save time and money. Past expe- 
rience greatly assists the ^organized trouble 
shooting approach. 

When a solar heating system falls to perform 
properly, the. underlying cause will usually fall inj 
to one of four categories:' part failure, improiil^r 
adjustment, poor construction, or poor design. 




^nPart Failure 

A parlMailure is, perhaps, the easiest mal- 
function to correct since, once detected, a sinnple 
. replacennent puts the systenn back into satisfac- 
tory, operation. Many part failures are quite ob- 
vious; for exannple, a broken belt, a wornout bear- 
ing, or an open circuit breaker. Sonne, however, re- 
quire considerable skill to detect. -In between, 
there are failures such as a leaking Ripe Joint, a 
burned-out motor capacitor, or a defective con- 
trol. Following the "process, of elimination" pfb- 
dedures may, be necessary in order to pin-point 
^the "cause" of these problems. 

Parts fail for several reasons, all of which can be 
summarized as follows: (1) defective in manufac- 
ture, (2) subjected to conditions beyond their rated 
capacity, (3) not properly maintained, and (4) worn- 
out from usage. 

Modern factory quality control methods used 
by the leading manufacturer^ prevent most parts 
of defective manufacture from getting beyond the- 
' ^factory. To protect the owner from the few that do, 
one to five year guarantees are often offered. Any 
part which functions^satisfactorily for a year has a 
good chance of^remainihg in good operating con- 
dition for many more years of service. 

Parts which^fail due to application beyond 
their rated capacity include mostly electrical 
items.such as motors and controls, it is possible 
^ to b^er load fan motorS'by imposing conditions^ 
the field which 'are beyond their intended servic^e 
A fan motor can easily be overloaded by small in- 
creases in fan speed since brake horsepower re- 
quirements increase afs the cube of the speed 
ratio. Thus, for example, a fan requiring 1 hp at 
500 rpm woiNd need 8 hp at 1000 rpm. 

ElectricaKcontrdls are all rated by their re- 
spective manufacturers for maximum amfjiere draw 
at each operating voltage-. When thesfi'conditions 
are' exceeded, the life of the electrical com- 
ponents in the control is shortened considerably. 

Parts which fail due to^ improper mainten- 
ance can be eithe? mechanical or electrical. Any 
system having connponents exposed to outside 
weather*^ is subject to rust and oth^r types of 
deterioration due to rain and prolonged sunlight. 
This latter is particularly hard on parts made of 
plastics and on electrical insulation. > 

Any part which requires periodic lUbricatiop 
is subject to premature failure when regular lubri- 
cation maintenance is ignored. Motor and fan 
bearings fall into this classification.' 

The fourth classification of parts failure is 
wear and tear. Every system will^be subject to this 
type of i>roblem. The most vulrferable itenns are 



electrical components. However, mechanical 
components w!th moving parts, such as bearings 
and pump,(^re not far behind. Scheduled lubrica- 
tion will prolong their Jife. 

Adjustments 

A second majdr reason why a solar system 
fail's to perform properly is, as noted previously, 
improper adjustment/ As compared to a system 
\A^ich does^not func^h at all because of a' part, 
failure, a system that;fe not in proper adjustment 
may cause the owner great dissatisfaction. The 
reason is that, in the former case, the ow^ner is 
sure something is vyrong so the service person is 
called ana the condition is corrected. When a sys- 
tem is out of adjustment, however, the condition 
may develop so gradually that the owner may not 
be certain that something is wrong 
period of considerable annoyance. 

A system which is out of adjustm'ent 
suit in an owner complaint because the: 

1. 
2. 
3. 
4. 



Heating capacity seems to be dec 



Heating is uneven and drafty. 
operating cost is rising. 
Noise level is risingr 




Qne adjustment that is required by the (Dass- 
ing Qf time is the reduction in capacity due tadirt. 

umulation on the air filter. Every 5 percentye- 
duction in air flow rate results in a capacity redi 
tion of about 1 percent. Dirt whjch is allowed to ac- 
cumulate on the blades of tne fan, dampers which 
restrict air flow unnecessarily,* and rugs or fur- 
niture placed so that air ^cannot move freely 
through a stipply outlet or return grill will all have 
the same effect upon capacity as the dirty filter. 

Even though collectors check out as qperating 
properly, it is quite possible for the owner to com- 
plain of improper operation due to poor air distri- 
bution. This is a matter of damper adjiis'^lment. The 
dealer-contractor can help ease this problem by 
making branch dampers accessible and by marking 
the various required damper positions. 
. .' To avoid drafts, registers with adjustable 
blades are preferable. A system cannot always be 
designed with outlets located so they may serve 
with a single setting. For this reason, compromise 
outlet lo(54tions must be fitted with types of re- 
gisters whicfi have the necessary flexibility so^tha^^v 
they may be adjusted seaeonaWv to throw the condi-^^ 
tioned air in a pattern wfiich win hot cause discord- 
fort. , 

increased operating cost is not always the re- 
sult of'a malfunctioning system. Sometimes it is 
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due to a change in the owner's operating schedule. 

Complaints 'Sbout noise result 'from: '(l) ad- 
justme/its to air flow, (2) changes in damper posi- 
tions, (3) wornout equipment isolators, (4) wornout 
pump bearings and belts, and (5) loosened fas- 
tenerS'. Generally, a noise which develops with 
system use is not as difficult to correct as an 
original noise. * 

COMMON PROBLEMS 

; Reports on solar demonstration projects in- 
volving both solar domestic water heating and 
.whole house space heaiting Included these observa- 
tions: 



- 1. 

2. 

' 3. 

4. 

5. 

7. 

8. 
9. 

10. 



11. 



ie. 



Large heat losses from inadequately insulate^! 
, piges and ducts. 

Malfunctioning controls. 

Failure of drain-down systems to drain co 
pletely (thereby causing freezeupa^. 

Noise from solenc^id control valves, 

FreezeupjT) inadequately protected pipes lead- 
ing \q closedvcycle freezeable collectors. 

' reakage in antifreeze loops. 

High power consumption from oversized fans 
or inadequate ductwork. 

Leaky vaJves and dampers. 

Leaks in closed-loop circuits diluting anti- 
freeze solutions. 

Not taking into account different properties 6f 
heat transfer fluids when sizing expansiort 
' ^ks and pumps, M 

Imprbner connections to storage tanks (not 
taking\ull advantage of temperarture sfratifica- 
tion insSde tank). 

Plastip/covers on some collectors fluttering in 
high yi()ds. 

inpompatibllity between some heat transfer 
fluids and seals and gaskets used. 

Veep holes in collectors becoming plugged 
^d causing pressure buildup behind glass 
covers.. 

Overheated collected causing damage to col- 
lector and nearby building materials or com- 
ponents. . ' 

Out gassing of materials inside collector and 
^depositing a film on the inside of the collector 
(solid materials vaporize). 



Finally, t-WD of the most important errors contri- 
buting to solar\eating problems were the inade- 
quate calculation of building heat loss and the use 
of inaccurate vveather data. 

WARRANTIES . 

The types of warranties offered by manufac- 
turers of solar heating equipment vary consider- 
ably. At the preser>t time, if a supplier provides 
any warranty, it is of the "limited" type. Under its 
terms, the equipment is warranted to be free of 
defects in materials.and workmanshjp, and that, if 
such defects are found within a'certain period of 
, tinne after initial us0, correction or replacement 
will be made without cost to thauser. Most of the 
suppliers of solar equipment to not currently of*' 
fer ahy type of warranty, A few larger companies 
involved in solar equipment manufacture are of- 
fering one-year limited warranties. One company 
marketing an air system offers a 10-year limited 
warranty. 

There appears to be no manufacturer's guar- 
anty as to thermal efficiency or heat delivery 
capability of solar equipment. Although manufac- 
turers are provrding that type of information in/ 
their sales literature, they are not guaranteeing 
, the performance in the field. To a certain degree, 
this omission is-^ue to the inability of the 
manufacturer to obntrol the quality of the Installa- 
tion, in addition, manufacturers supplying only 
certain components of a system, such as the col- 
lector, cannot be assured that the other com- 
ponents in the system, are correctly s'felected or in- 
tegrated with their own p4:oduct. Thus, Inferior per- 
formance might well be due to factors other TharT* 
those controlled by the collector manufacturer, A 
performance warranty would thus be difficult to ^ 
establish and maintain. 

Still another problem in providing a mean- 
ingfurperformance warranty Is the great variation 
in climate encountered and the practical difficulty 
in ac\:urately measuring the output otthe install- 
ed equipment. Instrumentation Is usually not pro- 
vided; so measurerriTnt of performance is Ij^^to 
be an expensive Ir/estigatfbn by an ex(5erienced 
engineer. DisputesVlltigation/and other problems - 
are inevitable. V , 

Practical performance warranties should 
beconhe available for complete solar heating^' 
systems provided by a single manufacturer when' 
assembled and Installed by a singJe responsible 
individual or firm, UnNler such conditions, the 
manufacturer has suffid^nt control of the system 
design and the quality or the installation to have 
assurance of performance. The manufacturer 
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could then guarantee the system to the installing 
frrnn which, in turn, would guarantee it to the pur- 
chaser. In case of dispute, the installer could 
nneasure system performance in the presence of 
the owner and a third party, if demanded for^ter- 
mination of conformance. If inadequaciesrare de- 
termined, corrections would be made in com--; 
pliance with the warranty, and the installer and 
manufacturer would establish responsibility for 
the departure from specifications. * 

Such developments as the Home Owners " 
Warranty (HOW) program, sponsored by the'Na- 

> tional Association of Home Builders, can be' ex- 
pected to have an influence on solar heating 
equipment guarantees. Under the HOW program, 
all defects in a residential structure will b'e cor- 
rected at no cost to the ownet during the first 
Jhree years of'use. It may be expected that solar* 
heating equipment will have warranties conform- 
ing with such a program. Manufacturers will then 
be required to guarantee to the dealer and iri: 
staller the necessary support for compliance witlf 
this program. 

The solar equipment manufacturing industry 
unfortunately includes several small suppliers 
having practically no experience vyith solar equip- 
ment and offering no warranties ^)f any kind. Pur- 
chasers of such equipnaent have very little chance 
of reimbursement for costly failures. Even if a 
small, marginal manufacturer offers some sort of 
warranty, a purchaser does not have much assur- 
ance that the manufacturer will remain in busi- 
ness long enough to make good on its guaranty. 
In the event of equipment defect or failur^e, the 

• owner (or contractor if an installation guaranty 
wsis provided), would suffer the loss. These and 
other topics are disci/ssed in the government 
report, ''Buying Solar/' published June 1976 by 
the Federal Energy Administration .and HUD. 

CONSUMER INFORMATION 

Many homeowners are not interested in the 
mechanical operation of a solat system any more^ 
than they are abcwjt the'mechanical operation of a 
car. However, some homeowners will be interested^ 
in complete details of the system. The cqntractor 
will have to decide, perhaps from the questions 
a5ked, just how'^hiuch explanation of the system is 
necessary. 

Also, the Consumer Product Safety Act of 1972, < 
in addition to emphasis on the design and-warket- 
ing of unsafe products, also stresses that essen- 
tially hazardous products must be properly labeled 
and full and complete instructions provided. The 
Consumer Products Safety Commission has stated 



'They (manufacturers, wholesalers, and dealers) 
must be in a position to advise the buyer com- 
petently on how to use and how to maintain and 
^ repair the product (sold)." 

.Here are a fevy suggestions.: 

1. After the system has been installed, a 
quaHlfied person who is familiar with the 
operation of the, system should place tjie 

^ equipment undersall modes of operation to 
insure that it, is functioning properly. The 
owners shoijid be shown the location of the 
fuse disconnect switch ^and the thermqistat, 
and be instructed in how to start, operate, 
and stop the units and adjust terhperature. 
settings. The manufacturer's installation and 
operating i4;istructions should- then be de- 
* livered to the owners and reviewed with 
them. . *. 

2. All related component installation and ser- 
vice instructions should be placed /n an at- 
tr^ive binder. with your company's logo, 
riame, address and phone number placed on 
the cover,* together withva brief letter of 
welcome in the case of a nev(^ building pur- 
chase, reference to your guaranty or'other 
similar introductory statement on quality of 
materials,' workmanship, etc. This bindeV 
should be stored in a prominent.space in tl^ 
equipment room. ^ 



3. Whether or not a service contract is written, 
or if the equipment is under 'warranty, the 
owner should obtain the dealer's name and 
service department telephone number. A 

, copy should also be permanently placed on 
the unit. 

4. To avoid uni^ecessary calls and extensive in- 
terruptions in comfort heating, it is oftpn 
'convenient to provide a check list In case c^f*^ 
failure. Things to do before calling for. ser- 
vice might include cheeking for: blown fuses 
or open circuit breakers, dirty filters, broken 
fan belt, open dampers, a thermostat that is 
set too high, etc. Both the owner and the con- 
tractor benefit from such a simp'le check-out 
routine. ' v 

OPERATIOfSIAL PROBLEMS ^ , /] \ 

A report ^on the operation oKvarious HUD de- ^ 
monstration programs was prefJared -for The. Na- 
tional Solar Hea'ting and Pooling Information- Cen- 
ter by Dubln-Blbone Associates In July, 1977. That 
report identified the many areas qf inadequacies 
or insufficient detail for varjpus HUD projects. 
From an analysis of this report, the following data 
are presented: , "^^^ 



10-12 



HUD Solar^Heatlng Projects 



Problem Areas 



Syst 



Collector 



Storage 



ERLC 



3. 



^ Description 

1. building heat loacf'calcula-/ 
tfon errors by designer 
and/or contractor 

2. rule-oMharrib .estinnating is 
totally inadequate - 
failure to seek help fronn 
the systenn connponent 
manufacturer^ 

Mack of technical infornna- 
.tion (fexannple: flaxiimability 
to transfer fluids) ^"^^'^ 
poor quality control and 
shipping practices ' by 
.^manufacturers (example: 
broken components* being 
dejivered) 



5. 



1. 

2. 




poor packaging practices 
to prevent dapnage 
out gsfSsing — breakdown 
. of material that results in a 
film on the inside of cov^r 
•plates 

unable. ^ to withstand 
300°-400°F staflnation 
temperatures * T 
broken tubing due to ship- 
nnent in cold weather when 
toting water remained in- 
side"— should liave been 
tot^My drained" 
"weep holes plugged that 
allows pressure buildup ia - 
collector t>!at results in 
cover' plate pop-out or 
breakage 

unstable selective 
coatings w^ch are often 
expe/iment&l materials 
morsture collection and 
roof rotting — prevent with 
above roof mounting 
design 

leakage Trom cracks, 
breaks or faulty cl.amps. in * ' 
10% ,of the systems 
evalijated 



1. f^wer problems with . I 



3. 



4. 



Fluids 



2. 



3. 



Piping, Pumps* 
and Valves 



(atmospheric) pressure 
tank Difetallations 
tennperatures exceeqljng 
the^160''F rating for .fiber- 
glass tanks 

underestimating ' liqild 
thermal expansion (1.^5: 
multiplier for^lycols) 
mi,sunderstanding of 
•stratification 

better out-of-the-way place- 
ment was feasible 



corrosion di^e to lack of ii 
htbitor additives 
glycol solution (5a%) cli- , 
lut§d by automatic fill 
which only adds w^ter 
corrosion caused by failure 
to use "getter column" if 
aluminum collector is in- 
stalled 

ifiadequate insulation re- * 
suiting iTMower system ef- 
ficiency or freeze-up es-* 
pecially In uninsulated 
;'part§ of the structure and 
when pipes pass through 
the walls, floors, and cei'l- 
ings 

heat loss due to failure to 
insulate duct joints 
frgeze-up of lack^ of drain- - 
.down because piping was 
not pitched properly 
poor' quality material used 
that caused early compo- * 
nen{ failure " ^ • 

gaskets dissolved by some , 
fluids A ^ 



SUMMARY / 

As the Dublin-Boor report sugc^ests, the solar 
heating system is in it^ infancy. The Industry is 
still experiericing developmenfafproblems. There- 
for^it is riecessary that designers, architects, erT- 
gineers, manufacturers, installers'and even con- 
sumers continue toikeep up-to-date on the latest 
developments in the field. Technological ad- 
vances are'being made^ and introduced to thie'in- 
dustry alnfost on a daily basis. Efficient and effcjc- 
tivd means of utilizing this natural energy source 
will soon be realized. 
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LEGAL RESPONlsiBfLITtES 



As 'the supjDly of fpssil fuels becomes more 
critical in the future, alternative energy sources 
will have to be'developed. Solar energy is one of 
^ the alternatives that is gradjjally becoming more, 
adaptable fo heating.purposes. The technology is* 
in its infancy t?ut steady growth is anticip|ited. 
The concern of this lesson is not with identifying 
J the technology of solar heating but with ttlfe im- 
' ' pact that technological develofDment has on peo- 
' p!e and property. The lives of people are affected 
where their Jnealth and safety are concerned. The 
value of solar heated property is affected by such 
factors as taxes, easements, covenants, and zon- 
'fttg. People must be protected (1) by the installa- 
tion of reliable equipment made as hazard-free as 
possible by.the manufacturer, arrQ (2) by being in- 
formed by the builder or contractor ag^ to oper- 
ating and maintaining procedures to be fpllowed ' 
when using^^the equipment. Justification for^in- 
centfves to install, and rights and privileges of 
ownership is continuing t?5"&©^stablished by fed- 
eral, state, and focal leg/slativd bodies. 

CONSJOERATION FOfl PEOPLE 

there are some aspects of the solar heating 
system in which the. consumer has invested and 
must be informed concerning those aspects that 
relate to health and safety, because certain opera- 
tional artd maintenance problems may b^ dele- 
■^gated to the owner,or bccupa^it of the structure. 
Equipment placement is important since various ' 
monitoring and maintenance procedures must be ^ 
followed. For example: the aii^filters, need to be 
changedir^gularly, liquid filters must be cleaned 
or replaced regularly, liquid levels as well as antU 
freeze concentrations m^ust be maintained, pumps 
»and blowefs should be lubricated at certain inter- 
vals, and fluid leaks must be stopped' as they oc- 
cur and are located. 

Therefore, the occupant should be informed 
about: (1) turning off electrical service before pro- 
^ ceebing with certain service tasks (2)j\/vhich com- 
ponents may be excessively hot and cause burns, 
(3) slippery conditions caused by spillage^orleak- 
*age of .antifreeze solutions, (4) the 'presence of 
guardin^around moving parts, (5) any problems of 
toxicity^ probable sk^n irritation f^ojp chemicals^ 
used in adhesives, (6) heat trans.fer materials and 
components, and" (7) any oth^K related matters. 

Unfamiliar sounds ^ay have to be explained. 
The occupant m^y, ±>e concerned' about what 
noi^ are transmitted during the cycling of oper- 




ational modes. De^poQdmg on the placerrient of 
equipment and the Sbisie tolerance limit of the oc- 
cupant, a decision mayjbe necessary to add some 
acoustical material to^ihe equipment area.* 

Water contaminatioh could be a problem. In- 
troducing non-cdrrosive Wlitives 'into potable- 
water (that which is used for cooking, bathing, 
drinking) must be prevented. Therefore, some la- 
beHng procedures may be good insurance for^he- 
system designers* and .installers to warn oc- 
. cupants about possible contaminants. 

. CONSIDERATION FOR PROPERTY 

Th^ knowledge and-'^'ractices of solar heat- 
ing as applied to structural haatin^ comprise a 
relatively new. technology, in many comnriunities,^ 
this alternative fuel source has been recognized. 
In others, no efforts have-been made to.accommo- 
date this form of heating system^and^p'special 
considerations for rights and responsibilities con- 
cerning solar.heated property havfe been addressed. 

- Right to Light 

Regardless of the percentage of the heat 
load jJesigned into solar heating equipment, ,the 
most critical ingredient to theTunction of the sys- 
tem is solgr energy. When structures are con- 
structed, there is an obligation to maintain, solar 
exposure indefinitely. This means that space 
above and^o the sides of a solar home must be 
fre6 of obstructions, The^e is little difficulty in 
guarding against this problem in fow-density 
building areas. The problems exist for high densi-. 
ty mutliple-story areas. See Figure 11-1 

Problems afise from both structural interfer- 
ence and vegetation shading. A tall building plac- 
ed where a projected shadovy is 6ast on the col- 
lectors greatly reduces the efficiency of the solar 
heating system. The same problem exists where 
\xe^s grow to tall and shade the collectors. There 
must be some legal procedures,- for zoning and 



Hills. Buildings "And Trees Can 
Shade Collector At Low Sun 



Fig, 11-1. 
neighbors. 
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topping the vegetation even when it is not on the 
same property as the |olar home. Some states 
(e.g., Florida, Colorado, and New Mexico) have 
proposed legislation to prevent neighbors from 
planting trees and shrubs that could interfere with 
coliectpr insolation. Similar measures are being 
considered in other parts of the United States as 
well as Australia, Brazil, Canada and Sweden. 

Fraedom From Glare 

Not only must 'the occupant of solar heated 
property have rights to light, but 'protection of 
.oMfers from glare is another issue. Neighbors and 
passerbys, either walking or riding in a'vehicle, 
should not be exposed to glare from a solar 
collector. This problem may be handled by a less-, 
than-latitude tilt which r^uces Gollector efficien- * 
cy, a solution which could interfere with the need 
for hpa't irf the winter., 

Zoning . ^ 

' One way to prevent collector inefficiency 
could'be the development of appropriate zoning 
regulations. Placement of buildings on the lot 
must be done properly to minimize any nuisances 
caused byjight reflection on adjacent property. 
Landscaping and street orientation, when laying 
out areas for neWgonstruction^^may require sofrie 
different^considerations, Problefljj^ wiU also have 
to toe resolved regarding buildiW^* he^gnt -^p that 
shadows do not effect the function of nearby col- 
lectors especially wh^en the solar heated structure^ 
is already in use. 

Building eod|§ 

The intenrof building codes Is to provide con- 
siytant guidelirfes for construction. In most<com- 
munities, buiJdin^ codes do notliddress the pro- 
bleiins of sdlar heating instaUation as such. -How- 
ever, they d.p provide<lirection for the use of con- ^ 
ventional heating components, for example, pumps, ' 
blowers, and air ducts. Permits to install solar 
heating systems may riave to be obtained based 
on vague interpretations of existing regulations. 
Sonne of the-probld^^lo be addressed are: design 
characteristics, iwent^at^the time that codes were 
wtitten, specific wording, attitudes of local ' 
authorities, and costsrof providing criteria for an. 
aMernative testing procedures. Many of these re- 
gulations deal with structural ^^Qpndness to with- 
stand loads and resistance ta natural phenomena 
such as hurrjcanes, earthquakes, or violent winds. 
Alternative roofing, plumbing^ ^lec^ical, heating,^ 
•ventilating, glazing ma)e?igils, and work practices, ^ 



may have to be» negotiated with local authorities 
before permits can be issued and construction or 
retrofitting started. 

As. governmental agencies update their 
codes, problems of solar heating systems will 
have to be included. Some of the areas of concern 
will include: health and safety of the occupants; 
fire protection; potable water supplies; pressures 
within colJectors, tanks, and oth:er solar compon- 
ents; temperature ranges particularly as they af- 
fect thermal expansion; transfer mediums,'* win- 
dow and door g^^l^;Toof loads; mechanical de- 
vices; and, non-traditional construction niethods 
^nd materials. 

The SMACNA publication. Installation Sian^ 
dards, included with tKTs training package is a 
good example of an useful installation guide for 
planning and installing solar systems for one and 
two fanr>ily dwellings. 

Another document, HUD Intermediate Mini- 
mum Property Standards Supplement '1977. Edi- 
tion/ Solar Heating and DomesticMpt Water Sys- 
tems, presents jninimum dwellin^sfandards for 
(1) one family (2) two family, (3) multi-family, and" 

(4) care-type tnursirtg) faciliti^SvThe pyblication is 
Xoo comprehensive for sumn^arization in this 
coursfe^ (however, it is an extrerae^y valulabl6^. 
reference book forbesigners, installers, and ser-' 
vicepersons. Chapters included in the HUD Sup- 
plement deal witti (J) general use pf the cjocu- 
ment, (2) site design, (3) building design-, (4) pro- 
duct and construction materials, and (5) i^onstruc- 
tion practices. References in the appendices re- 
late to (1) calculation procedures for hot water 
and space heaters thermal perfornr\ances;-(2) stan- 
dards for various materials; (3)<.syjstem and com- 
ponent illustrations; (4) definition of terminology; 

(5) reference standards; and (6) identification of 
abbreviations for various code groups, associa- 
tions, and governmental agencies involved in the 
publication of the document. ^ ^ 

One very comprehensive effort toNdeal with 
coding problems resulted in the publication 
Uniform Solar Energy Code (USEC) by the interna-' 
tional Association of Plumbing and Mechanical 
Officials (lAPMO). The purpose of the document is 
to provide minimum standards and requirements' 
for the protection of the public-health, safety, and 
welfare. Architects' and engineers can use this 
publication when preparing drawings and speqifi- 
^cations for sSlar heating installations. It deals 
with the adnrtinijstration of the code, definition of 
terms, and aiso addresses other specific issues. 
Details fromfthe various chapters of the USiEC are 
summarized \irt the following section of* this 
lesson. 



Quality and Weights-Alternate Materials- 
Alternate Methods of Construction 

This particular chapter in the lAMPO publica- 
tion presents a brief description of standards that 
have been prepared Jhrough the cooperation of 
various organizations. 

GENERAL REGULATIONS-GENERAL 
INSTRUCTIONS AND REQUIREMENTS' 

This section deal^ with (1) the requirement for 
plans; (2) improper location of equipment; (3) pro- 
hibited fittings and practices (use of dissimilar 
matals); (4) retrofitting; .(5) protection of piping, 
. materials, and structures; (6) hangers and sup- 
ports for horizontal'and Vertical piping; (7) trench*, 
ing, excavating, and backfill; (8) changes^ In di- 
rection (appropriate use of fittings); (9) inspecting 
an(^ testing; (lO)-maintenance; (11). existing con- 
. struction (only if a building is dangerous arid a 
menace to life, health, and property must it be al- 
tered when installing the solar system); (12) health 
ami safety; (13) abandonment; (14) other-systems 
(DHW, swimming pools, etc.); and (15) detailed re- 
quirements (e.g., safety requirements, controls, 
arid' welding). 

Piping. Such topics as: (1) unlawful conipec- 
tions; (2) cross-connection control (requirement 
for devices to prevent back-flow when common pot- 
able water, non-potable water, and/or sewer connec- 
tions may occur^ (3) materials (identifies appYov- 
«d materials); (4) valves (sizing and placement); 
(5) water pressure, pressure regulators, and pres- 
sure relief valves (u§e and capacity); and (6) auto- 
matic air vents are reviewed: 

Joints and Connections. In this chapter, re- 
quirements for the following practices are identj- 
fied: (1) tightness (gas and watertight); (2) types of ^ 
joints (threaded, soldered, ffared, and compression, 
flttirigs)^ and (3) special joint? (tube to threaded 
Ipipe, brazing or welding, expansion joints, unions, 
ground jofnts, flared, or ferrule connections). 

* Tanf<s. Specifications for construction and use 
of tanks are in the section. They deal with: (1) stor- ^ 
age or heat exchanger tank construction (general 
specifications related tf* use of concrete and 
steel, and (2) expansion tanks (open or closed sys- 
tems and minimum capacity for closed system)^ 
Coilectors! On\y' the ^cjeneral construction 
specifications' and location requirements are de-" . 
scribed ir^ the chapter. (They have been presented 
in Lesson Three.) \ 

insulation. Specifications for insulation as 
they relate td general requirements for pipes, 
ducts, and tanks are discussed in the section. 
'^Ductv\/ork. T/ie chapter merely recognizes 



that duct installation is a part of the solar heading 
system. It states that the Mechanical Code is the 
regulatory reference for sizing and locating duct- 
work. . • • 
This has been only a brief summary of the 
Uniform Solar Energy Code. The major purpose 
for including it is to provide installing and servic- 
ing technicians with the areas of concern iden- 
tified by lAPMO for efficient and reliable solar 
heating systems. 

As a general rule, an owner or contractor 
planning to install a solar heat'ng system should 
contact the loca^ building' inspector prior to the 
expenditure of major effort on the project in-order 
that any questions which may relate to com- 
pliance with the code could be resolved in ad- 
vance. If a particular solar heating system or com^ 
ponent clearly violates a code requirement, a 
change to some other type of hardware could be 
made prior to expenditure of sigriific.ant funds on 
a system which would not be acceptable. 

Components that comprise a solar heating 
system must meet acceptable standards of quali- 
. ty. These standards are established by extensive 
research and development activities^ Various or- 
ganizations are involved in developing specifica- 
tions for the iiuality of products that are used. 
Material standards for solar heating components 
are created by the American National Standards 
Institute, American Society for Testing and 
Materials, International Association of Plurr^bing 
arrd Mechanical Officials, Underwriters* Labora- 
tories, SMACNA, ASHf^AE, and the federal gov- 
ernment which contracts with other R&D organi- 
zations and then publishes the results of their 
decisions. 

Installation ' 

Aldng with quality components, there is also 
a need for competent mechanics to install the 
equipment. The need for qualified electricians to 
Install electrical and electronic controls^generally 
.is not questioned. However, jurisdiction over the 
erection and rigging of^^col lectors hags became a 
negotiable problem. ' ^ N 

The-problem of who should install collectors 
has rec'6ntlv,been raised in negotiating construc- 
tion, contr^s. Two groups have been involved. ' 
They are^the United Association of Journeyman 
and Appre.ntices of the Plumbing and Pipe Fittirig 
Industry of the U.S. and Canada (USJAJ^PFO and 
the Sheet Metal Worker^s International Associa-^ 
tiori (SWMIA). 

The jurisdiction. agreement which thfese two 
organizations have reached is thgt the supporting 




and rigging of solar collectors with tubing and/or 
piping for liquid fluids will be installed by a com- 
posite.crew equal in size to the numbers of menni- 
bers of the respective unions. For air fluid sys- 
tems, the collector array ^s well as all ducts 
throughout the fluid transfer system, will be in- 
stalled by SMWIA. For the liquid fluid systems, all 
pipes and valves will be installed by UAJAPPFI. 

Appraisal 

Appraisal practice^ fo? financing a -solar 
heating system during the planning phases is dif- ' 
ficult. The market has not been developed suffi- 
ciently to provide guidelines for establishing a 
market value. Appraisers may choose to ignorfe^ 
the system, treat it as a hot water system, or [imit 
'their assessment to the installation cdst.^On the 
other hand, the entire system may be considered 
a liability by some individual appraisers. 

Appraising for tax purposes is another mat- 
ter. This is'especially true if fhe construction loan 
appraiser chose to ignore the system. Then the 
borrower pays separately for a heating system 
that has been ignored but then pays taxes based 
on the total pacckage— structure plus system. 

" Equitable solutions to problems of financing 
and taxing solar heated structures are being ' 
discussed. Many federal, state, and local legi- . 
slative bodies have Introduced and/or passed acts 
which relate to problems of construction loans 
^ and taxation as incentives to invest In solar 
heating systems. 

Incentives 

Legislation to provide incentives for invest- 
ments in solar heating systems could be con- 
sidered regulatory or compensatory. Legislated' 
regulations deal with such matters as estab- 
lishing solar energy policy agencies that would 
respond to problems such as right. to light, free- 
dom from glare, nuisance matters, and building 
standards or codes. ' . 

Compensatory legislation would deal with 
low cost construction loans and tax breaks to 
those who invest in solar heating systems. Low 
cost loans are being proposed" for both private 
citizens and industries. *!Some considerations are 
being given to investment tax credits and amortl- 
zation^procedures. Tax reducing factors are being 
proposed for,, income, sales, and„ real estate. 
Federal, state, county, or city income and/or pro- 
perty taxes may be reduced if a large amount of 
money is invested in an entire solar heating 
system or one merely insulates a structure. Sales 
and use taxes may be discounted or eliminated on 
solar heating systems. Lowering the real estate 
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tax for a given number of years is being con- 
sidered if the owner invests in solar heating when 
building or retrofitting a structure. 

Some tax incentives that have been assessed 
by ERDA and presented for consideration are: 

1. Purchaser tax credit of 40% on first $1,000 of 
systefp. cost, 25% on next $6,400 of system 
cost, with up to a maximum of $2,000 ta^ credit, 
effective 1978-1982. 

2, Installer investment tax credit of 20%, effective 
1978-1982. (Because this incentive showed lit- 
tle 'promise early in the calculations, it was 
omitted from detailed consideration.) 

3, Builder/developer tax credit of 20% of total 
solar heating and air conditioning system 
(SHAC) cost or Incentive I, effective 1978-1982. 

4. Loans of 5% for 20.years f'or residential retrofit 
• . applications, effective 1978-1985. 

5/Purchaser tax credit of 25% of thue first $2,000; 
and 15% of the next $6;000 of system cost up to 
a maximum of $1,400 tax credit, effective • 

' 1978-1982. , 

6. Purchaser tax credit of 40% of the first $^,000 
of system cost and 25% of the next $6,400^of 
system cost for 1978 and 1979, 30% of the fifst 
$?;000 and 2iD%'of the next $6,400 for 1980 and 
1981, and 25% of the first $1,000 and ^15% of 
the next $6,400 for 1982 and 1^83. 

insurance 

Insurance companies have not been reluc- 
tant to provide insur3nce for solar heated struc- ' 
tures. Comprehensive insurance has not yet 
become a_^jiigh risk factor since glass breakage 
has not been excessive. Fire insurance should not 
be affected since the required additional insula- 
Ijori is fire Iresistant and the energy requirements, 
(electricity for controls, etc.) are similar to thdse 
used jn conventional heating components. There ' 
may be a need to have tire stops placed' in the ^ 
roof-to-equipment-room sp^e where pipes are 
located/These air columns could act as a flue and 
cause a draft that would .draw flames from the 
basement to the attic. Also, heat, and smoke de- 
tectorsVshould be installed as recommended by ^ 
Underwriter's Laboratories. 

Warranties 

Warranties have long been used as a form of 
consumer and nrianufacturef protection, M^ny 
have been written in terms •which caused much 
confjLision especially to those who attempt their 



11.4 



ERIC 



interpretation^^ As a result, an effort has been 

made by the federal government to give directions 
-for writing and interpreting warranties. This ac- 
^ tion has resulted in the passage of the Magnuson- 

Moss Warranty-Federal Trade Commission Act 

(FTClof 1975. 

There ared three -types of warranties: full, 

limited, and implied, A full warranty as now 

regulated by the FTG stipulates that: 

. I.The product must be repaired at no cost to 
customer. 

2. The prodlict nr)ust be repaired within a reason- 
able amount of time. 

. -■ '• ■ ■ ' 

3. The purchaser is required only to satisfy the 
- manufacturer that service is requested except 

if the^ warrantor can establish that 'there is 
cause ta suspect the proper use of the product . 
t)y the purchaser, t ^ 

4 The warranty applies to anyone vvho owns the 
• product during the duration of the warranty. 

■5. If the product is not repaired within a reason- 
able time, the manufacturer must offer a re- 
placement or refund. Tfcash is paid to the 

■ • customer; the product rriust.be returned to the 

. manufacturer. 



This full warranty may cover the entire pro- 
duct or only parts of it. It will also contain the 
duration of time that the warranty is in effect. 

A lihiited warranty: 

1. Covers parts and none or only a part of the 
labpr expenses. . 

2. Arranges pro-rate rgfund or credit to allow pur- 
chaser to get some percentage of the purchase 
Kice refunded. 



FULL WARRANTY 

This, product is guaranteed against 
all defects in construction. and against 
corrosion for a period of 5 years. 
Manufacturer will pay for all labor 
and parts costs to co/rect problems. 





3r States that the purchaser must>pay for and b6 
responsible for the return of the product. ' 

4. Provides that only the original purchaser fs pro- 
tected. . 

Within the fftamQwork of limited warjfanties, 
manufacturers are required to identify the warran- 
. ty duration perioc<f|jmit9t|bns, and exclusions. 

An implied warranty is the result of state legi- 
slation to protect the customer. The most com^- 
mon implied warranty is that the product will permit 
^ form the ordinary purpose for which it was design-,, 
ed. When a manufacturer does not prepare a writ- 
ten warranty or is not explicit about its content, 
the implied warranty provides legal recourse on 
the part of the purchaser. 

. Warranties must accompany the product and 
be prominently displayed on or near the product 
and/or its packaging. In the case of a solar 
assisted heating system, different warranties may 
cover different components. .Therefore, ^he pur- 
chaser should be given a palcket containing the 
warranties when the system has been installed. 

REACTION 

A.lesson about theiegal responsibilities con- 
cerning people and property should be open-' 
ended and never summarized. The technology -of 
solar heating is in a state of evolution. lnfor|na- 
tion regarding new and improved materials and ^ 
processing create different problems requiring 
negotiable resolutions. These problems have to 
be dealt .-with individually as they affect the lives 
of people, their property, and the environment 



LIMITED WARRANTY 

This product is guaranteed to be 
one of the finest solar systems ever 
manufactured. Manufacturer will pay 
for costs of parts to correct any 
problem. 




Fig. 11-2. Plain language warranty Information prominently 
(Nsplayedls now covered by Federal law. 
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(E) 



Jan. 
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ALASKA 














Annette Island 




1 lU 




23d 


949 


7,192 


Barrow 


71 


22 




1 o 




Bethel 


61 


125 




I') A 


i ono 


10,190 


\ Fairbanks 


65 


436 
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70 




^A 07Q 
i4,^f a 


Matanuska 


62 


'180 > 




7A7 


^ i,04d 


1 0,849 


ARIZONA. 














Page 


37 


4,270 * 




1 , IXJD 


1 ,UDO 


0,ooU 


Phoenix 


33 


1,112 


SO n 


1 00*1 

1 )U\70 


A7A 


1,/DO 


Tucson 


32 


• 2 556 




1 , 1 


4(1 


1,800 


Yuma 


iZ2 


199 




1 10^ 
1 , l^H 


oUo 


1,006 


ARKANSAS 

1 














Little Rock ) 


Ow 




4 T.U 


729 


756 


3,219 


CALIFORNIA 












Davis 


-39 


51 




DO 1 


ooo 


2,502 


• Fresno 


37 






605 


oUo . 


2,611 


Invokfirn 






>: 44,6 




\ • 546 


2,122 


La Jolla 














Los Angeles 


34 


99 I, 




Q^A 


Of ^ 


O AC>4 

2,061 


Pasadena 


34 


864 






o4o 


4,794 


Riverside 


34 


1,020 


5.1.8 


1,013 


406 


1.874 


San Diego 


32. 


- 19 


53.6 


976 


314 


1,507 


Santa Maria 


35 




ou.u 




459 


2,967 


Soda Springs 


39 - 


6,752 


20.0 ' 


823 






COLORADO 














^ Boulder- 


40- 


S,385 


32.0 


740 


992 


5,540 


Grand Junction 


39 


4,849 


26.6 


' 854 


1,209 


5,641 


Grand Lake 


40 


8,389 


15.8 


781 

4 


1,556 


10,802 


FLORIDA \ 












Apalachiccola 


30 


.35 ^ . 


53.7 


1,078 


347 


1,308 


Belle Isle 


27" 


31 


71.0 


1,096 


98 




Gainesville 


30 


165 


55.4 


1,023 


332 


1,239 


Jacksonville 


30 


24 


53.6 


984 


348 


1,327 
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Jan- 
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state and City 


Latitude 


feet 




(dayKftn 


January 


Anriu 


t 


tE\: 


m 


(8) 


(dj) . 


(dJ 


Key West 


24 


6 


69,8 


1,205 


16 


84 


' Miami 


'26 




66.2 


1,263 


74 


?14 


Pensacola , 


30 


13 


51.8 


921 


427 


1 klR 
1 i<J r O 


TalLrfnassee 


30 


58 


51.8 


909 


375 






28- 


11 


60,8 ^ 


1,204 ^ 202y! 


683 


qfEORGIA 




1 










Atlanta 


34 


' 976 


4:^.8 


834 


636 




Griffin 


33 


980 


42.8 


876 


505 




HAWAII 














Honolulu 


21 


7 


75,0 


1,339 


0 


0 


MaunaLoa 


21 


20 


40.0 


1,926 






Pearl Harbor 








1,325 






IDAHO 














Boise 


44 






522 


1,113 


5,809 


Pocatello 






24.8 


608 


1,296 




Twin Falls 


42 


4,148 


28.4 


600 


1,159 


6^324 


ILLINOIS 




* 










Chicago 


41 


610 


^ 24.8 


,353 


1,265 


8 63Q 


Lemont 


42 


595 


24.8 


629 


1 ,265 


.6,639 


INDIANA 














Ipdianapolis 


'40 


793 


28.4 


541 


1,113 


^ 6QQ ' 


IOWA 


■ y ' 












Ames 


42 


i,oo4 


19.4 ^ 


640 


1,370 


6,588 


KANSAS 














. Dodge City 


38 


2,592 


30.2 


953 


1,051 


5,086 


Manhattan 


39 


1,076 


30.2 ■ 


117 


1,122 


5,232 


KENTUCKY 














Lexington 






32.0 


629. 


946 


4,686 


Loii||sville 


38 


474 


- 32.0 


,604 


983 


4,640 


LOUISIANA 














Lake Charles ' 


30 


12 " 


■ 51.8 


880 


363 


.1,459, 


New Orleahs 


30 


3 


5 A 


788 


363 


1,385 


vvS^feveport V 


• 32 


-252" 


46.4, 


832 


552 


2,184 
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latitude 



Kmteri 

MARYLAND 

AnnapolT 
Silverhin. ' 
MASSACHUSETTS' 
Amherst 
Blue Hill 
Boston 
Cambridge 
Churchill 
East Wareham 
Lynn 

Naticl< r 

Pittsfied 
MiCHiGAN 

East Lansi'ng * 

Sault Ste. Marie 
MINNESOTA 
. St. Cloud 
AllSSOURi 

Columbia 
MONTANA 

Glasgow 

Great Falls 

Summit 
NEBRASKA 

Lincoln 

N. Omaha 



47 
44 



39 

42 
42 

42 

42 



42 

43 
46 

45 

39 

48 

48 

41 
41 



Eievation 
. feet ' 

. (E) 



628 
63 

65 
291 

750 
629 
29 
80 

18 



1,170 

, 856 

724 

1,034 

785 

2,277 
3,664 
5,213 

1,189 
978 



Jan. 
temperature 



24.8 
10.4 
23.0 

33.8 
35.6 

29.0 
28.0 
30.2 

•16.6 
32.0 
30.2 
26.6 ■ 



23.0 
15.8 

10.4 

30.2 

10.4 
21.2 
15.8 



24^.8 
23.0 



Jan. 

Soiar 
V BTU 
^ (dayXft*) 



•(°F)(days) 
January Annuai /~\ 
(dj) (d) 




428 
555 
511 
565 
239 
§04 
434 
559 



423 
489 

625 

662 

V 

567 
508 
449 

699 
752 



1,d36. 

1,088 

■2,558 

1,088 
1,271 
1,339 

«t 

1,262 
1,525 

1,702 

1,076 

1,711 
1,349 
1,538 

1.237 
•1,355 



7,469 
9,767 
7,iafl 



4,548 
4,224 



5,634 

16,728 

5,634 
6,969 
7,578 

6,909/ 
9,048 . 

8,876 . 

5,046 



7,750 ■ 
10,625 , 

5,867 
6,612, 
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Cllmatologlcal Characteristics for Selected 
Locations In the United /States and Elsewhere 

Jan. 

Jan. Solar 
elevation Temperature BTU 
Latitude feet «F. (dayKff) 

m (E) (T) ' V (s) 




.(•F)(days) 
January Annual 
(dj) (d) 



Ely 


39 


6,262 


24 8 


87fi 


1 TMf 
1,JJ^ 


7 730 


Las Vegas 


36 


2,162 


42.8 


1 027 


uoo 


2,709 




Owl 








1,^27 


6,022 


NEW HAMPSHIRE 












Mt Washinaton 

ITI % » * W %Awl 1 1 1 1 U IV ■ 1 


" . $ 


6 262 


Q 0 


432 


1 AOQ 


7 RRR 


JHCVi MEXICO 














AlbunuerauG 

f« 1 V U U U \^ 1 U U V 




5,314 


'^4 0 


1 134 


Q30 


4 34R 


NEW JERSEY 














Seabrnnk 


40 


100 


40 0 


RQ2 






»Trpntnn 


40 


144 








-4 Q47 


NEW YORK 


u 








-> 




m L^oii 1 y 




9*^ o 




1 Q1 1 




Ithaca 

■ ill %A w Gl 


42 


950 




44 Q 


1 271 


R R24 


New Vnrk 


'41 




?9 0 


4 OO f 


07*^ 
«7 f O 


4 R1 1 


Savvilip 


41 


. PO 


1 OD.U 


R03 






Schenectadv 


4? 

•to 


217 


L— -"^^ 0 

^o>u 


47R 


' 1 2R3 


R RRO 


lint on ^ 


41 






ooo 




NORTH CAROlilNA 














^ Cape Hatteras 


• 35 - 


7 


46.4 


-898 


580 


2,612 


Greensboro 


36 


891 


37.4 


754 


784 


3,805 


Hatteras 


3& 


7 


50 


892. 


580 


2,612 


Raleigh 


35 


433, 


41^0 


876 


■ (t 725 


,3,393«- 


NORTH DAKOTA 












Bismark 




1,660 


8.6 


581 


1,708 ' 


8,851 • 


OHIO ^ 














Cleveland 




805 


28.4 


456 • 


1,159 


6,351 


Columbus 


40 


' 833 




475 


1,088 


5(^60 


Put-In-Bay 


42 


575 


<^ '26.6f:; , 


441 


1,159 


' 7,21 1 


OKLAHOMA 














Oklahoma City 


35 


1,304 


35.6 


939 


858 


3,725 


StiUwater 




. 910^ 


35.6 


762 


893 


3,860 



ERIC 



A-4 



Stat* and City 

OREGON 

AstOFia 
Corvallis 
Medford 
PENNSYLVANIA 
Philadelphia 
Pittsburgh 
State College 
RHODE ISLAND 

Newport 
SOUTH CAROLINA 

Charleston 
SOUTH DAKOTA 

Rapid City 
TEXAS 
Big Spring 
Brownsville 
V ' Corpus Christi 
Dallas 
El Paso ' 
Fort Worth 
Midland 
San Antonio 
TENNESSEE 
Nashville 
Oak Ridge 
UTAH 
Flaming Gorge 
Salt Lake City 
VIRGINIA 
Norfolk . , 
Mt. Weather ^ 
WASHINGTON, D.C. 
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36 
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221 
f,329 

'7' 
749 

1,175- 

60 

r' 

46 

3.218 
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20 

• 43 
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3,916 

544 
2,854 

794 < 

605 
905 



4,227 
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1,725 
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41.0 
37.4 
37.4 

32.0 
28.4 
' 28.4 

28.4 

50.0 

23.0 

42.8 
59.0 
55.4 
44.6 
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338 
371 
434 



753 
803 
9 



5,186 
4,408 
5,008 



2i 



645 


1,014 


4,565 ; 


346 


^1,119 


5,087 


511 


1,122 


5,934 



570 1,020 



5,804 



931 


487 


2,033 


684 


0 

1,333 


■ 7,345 


986 


651 


2,591 


1,056 


205 


,600 


965 


304 


930 


851 


608 


2,030 


1,218 


685 


5(700- 


927 


614 


2,405 


. ^ 1,034 


651 


2,601 


1,020 


428 


1,546 


600 


828 


■( 3,696- 


611 


778 


W7 


878 „ 
648 


1,172 


6,052 


766 


760 


3,488 


634 


1,107 


5,668 


585 


I 871 


4,224 
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Latitude 


Elevation 
feet 

(E) 


\ Jan. 
Temperature 
"F. 

CT) ^ 


. Jan. 

Solar 

BTU 
(davWft^ 

(8) 


, rF)(days) 
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\ 

V 






V. 


KJr\rfK UaoH 

iNonn neau 


40 


194 


40 


- 




s ■ 


Friday Harbor 


49 


100 




321 






Prosper ' . 


46 


675 


30.2 


431 


1,123. 


4,597, 


Pullman 


47 


2,550 


28.4 


452 . 


986 


3,995 


Richland 






32.0 


316 


1,163 


5,941 


Seattle 


47 


386 


41.0 ' 


287 


738 


4,424 


Spokane 


. 48 


1,968 


28.4 


434 


1,231 


6j€^^ 


University of 
Washington 

Madison . 


43 


» 

866 > 


, ■^7.6 


247 
'564 , 


J- 

'i,473- t 


7,863- 


WYOMING 














-Lander 


43 


5,370 


19.4 


846 


1,417 


7,870 


Laramie 


41 


7,266 


21.2 


824 


1,212 


7,381 


CANADA 














Edmonton, Alberta 


54 


2,219 


6.8 


327 


1,810. . 


,10,268 ^ 


Kapu^kasing, - 
* Ontafin 

111 Mi I \J 

\ 






.n A 


4U& 


2,037 


11,512 


Montreal, Quebec 
Ottawa, Ontario 


45 


339 


. 15.8 
14.0 


405 

530' 


1,566 
1,624 


8,203 
8,735 


Toronto, Ontario 


44 


. 379 


26.6 


445 


1,233' 


6,827 


Vancouver, British 














Columbia 






35.6 


279 


862 


. 5,379 


Winnipeg, Manitoba 
ISLAND STATIONS 


50 ' 


786 


1.4 


482 


2,008 


10,679 / ■ 



CanlonJslahd^ 
: Sart Juan, P. R. 
' Sw^h Island 
Wake Island 
OTHERS 
• Albrook,vA. B. 
Panama 
/ Taipei, Taiwan 



2,179 
1,491 
1,631 
1,616 



1,446 
686 



FRir 



A6 
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DUCT DESIGN 



In most small applicatipns, the^n is an in- 
tegral part of the manufacturer'sSjmtary eq^ip- 
m'ent. Thus, once vthe equipment has been 
selected, the fan capacity at various static 
pressures will. be known and. the dkjct system 
' must be sized to match the fan performance. 

In all-air systems, the total system CFM 
(ft3/min) is usually determined ^by t rye 1»nst ailed 
collector area and the manufacturers recom- 
•mendedt flow rate, which is. usually slated in CFM 
per- ajguare foot of collector area. For example, 
flow rates ge.nerallyjange from 2 to 3 CFM per 
square foot. If 400 square ffeet of collector is in- 
stalled, the total system CFM might range from 
800 to 1200 CFM (2 X 400 or 3 X 400). 

In single fan arrangements, this collecror 
flow rate must^be compatibfe with the auxiliary^ 
heating systein. Thus if gas or oil fired furnaces 
are used as auxiliary -h^at, the collector CFM 
should provide the recornrnended temperature 
rise through the furnace. -If electric heaters are 
used, then the collector CFM should equal or ex- 
ceed the minimum flow specified for the heaters. 
If mechanical cooling or a heat pump is part of the 
system, then the Collector CFM must be-c6mpati- 
ble with floAA/ requirements that range from 300 to 
420 CFM per ton. If air flow is not compatible, then 
multi-speed fans might be employed. ' , ' 

All-air systems may also be^designed using 
two-fans— one for the. coflector loo|) and another " 
for the conventional backup heating system. 



/^hen collecto> loop^and conventional air flow 
/ ra4es are not the same, a bypass duct,^ds shcy<A/n i'n 
^gure B-1„can be used to balance the flov\7. 

Sizing standards are listed in the SMACNA ^ 
Installation Standards that are a part of your train- 
ing materials^ PI.ease refer to Section 3 in these 
Standards for 'design criteria. For specific sizing . 
procedures refer to the SMACNA Duct Sizing 
' Guide, NESCA 's Manuals K ar^d Q or Xhe ASHRAE 
Handboqk, 

The problem with so many'praetical duct siz- 
ing mathods is that they h^ye been so simplified,^ 
streamlined, and p?acticalized,-that fundamentals 
are very often obscured. "Cook book" methods 
also frequently destroy the feel of ^he design, and 
^ fhe user is seldom fully aware of all the assump- 
tions made and qualifications built into the short- 
cut tables and charts intended to save time. . ' 

Going back to fundarpentals can, for most 
people, help obtain a better presrpe&tive qf the 
design problem. In this course then, let's review 
the three bas^c design methods— ve/oc/7y reduc- 
. tion, equal friction, and statfc regain, noting their 
advantages and disadvantages. But first, let's 
really get fundamental and consider several 
essential relationships. . 

Flow Rate and Pressure Affect Fan Hp 

A duct system has to be sized first^to fit the 
spa(5e available, minimize air noise (by controlling 
air velocity), and nrwDve air with a minimum of fan 




Supply Air 
1200 cfm 



T (Air Space) A 

J^eturn Air ^^9^ 
:a.120O cfm 

/ 



power requirements. Tbjs lasf factor is often 
overlooked. 

'The f\prsepower needed to move. air at stan- 
dard conditions is equal to the product of the/ 
system aiP flo'w rate times the total pressure dif- 
ference created \n the system. More precisely: 



alup = 0.00ai57 (Q) (TPd). 



where 
ahp 



air%orsepower (divided by^n 
efficiency this ytfelds brake ^ ' 
horsepower at fan shaft) 
Q = system air flow rate jn cfm 
TPd = total pressure difference between 
supply and return System, inches 
of water / 

From the formula, an increase in system flow 
rate (O), brought about l?y an fncrea^e^^ heating' 
arid cooling loads, duct heat Joft, or. heat gains; 
Increases fan hp and operating costs. An increase 
in TPd brought about by higher duct resistance on 
the supply or return side also increases fan hp re- 
quirements'. . 

Total pressure (TP), in general, is the sum of 
the static (SP) and velocity (VP) pressures at arjy 
point in the system. The TP at the fan on the supp- 
ly (or return) side is the sum of alMhe losses of the 
fittings, lengths of duct, dampers, etc. starting at 
the' grille in the /ongresf run and leading back {o 
the fgn. The loss thYotfgh fiiny other run will by 
' necessity be the same. (Since^all branches ter- 
minate at atmospheric pressure ao^jl .are con-, 
nected in, parallel to the .same fan, the dfop in all 
runs Js from fan pressure to atmospheric 
pressure.) 

While TP is f^^rhaps mdre desirable to work 
.with since its value always decreases in the direc- 
tion of flow, SP is in fact normally used as a basis 
for design.^ SR can increase or decrease in the 
direction of flow, and in traj:ing SP chlaoges ffom 
grille to fan to establish system pressure at the 
fan, the designer must be cognizant of 5P regain 
as well as SP los^ (More on this later.) 

Friction Chart Relates the Variables 

. One of the basic working tools in all design 
methods is the standard friction chart. (An ex- 
cerpt is shown in Figure B-2.) This chart was 
developed back in 1945 based on research con- 
ducted at the .old ASHRAE Laboratory in 
^Cleveland, Ohio io which ductwork was actually 
subject to test. 

The chart relates the friction loss or SP drbp 
per 100 feet of straight duct (horizontal scale), fo 
* ■ ■ * *^ 



cfm flowing (vertical scale), to round duct sizeS 
(slant line moving tip from left to right) and finally 
to duct velocity (slanl line moving up from right to 
left). . , ^ / ' 

Values obtaiqed strictly, speaking, apply to 
air between 50- and 90.^F for smooth galvanized 
duct. Correction factors for other teniperature 




Fig. B-2. StarftJard friction chart relates all the variables 
for flow in straight ducts — pressure drop (hbrizontal, 
scale), flow rate (vertical scale), duct size (slant line 
moving up 1. to r.) and aii^ velocity (slant line up from, 
r. tol.). 



conditions are available. Precise corrections for 
lined metal or for glass fiber duct have not been 
rigorously established as yet. •(Consult manufac- 
turers' literature.) 

It's irhf?onant to note that thd horizontal 
scale indicating SP loss also- ifidicates TP loss 
since in a constant size duct, velocity, or velocity 
pressure, is constant. 

.Besides>*he loss iffstraight ,duct/the losses 
caused by t^^ansltion fittings, elbows, takeo/fs, 
dampers, filf^rs^ coils, and grilles must ateo be in- 
cluded. Losses for transition fittings and elbowS 
are u^aally giver? in terms of equivalent feet of 
straight duct and added to the a^al dupt. 
.lengths. TaKeoff fittings are moj:e-<rmipie/and 
charts or tat>'^s list losses teased on percent of 
flow diverted' Losses for dampers, gViltes, etc. are 
normally provided by the rnangfa^cturer. 

The losses of fittings is seen to depend on 
duct sizes, and as meritioned at the outset, theV^ 
are tttree methods to size ductyvork. *. 

The velocity redtrotion method is almostrno 
/nethod, for it relys heavily on the designer'saj/^ 
perience. Thu^ we have the paradox that the 
easiest method is really the most difficult method 
^forlhe inexperienfced designer. The method is tur- ' 
ther restricted to relatively uncornpiiclited 
layouts. ' ^ 

The method is merely one-.of assigning duct *^ 
velocities th'^^ughout the system in decreasing 
order Jroni fan to furthe^st branch- The duct sizes 
needed to achieve these assigned values are 
selected frorti the friction chart. The chart also - 
. provides the Pressure drop in each run of duct. 
The mfethod is fast and noise control is relatively 
assured since the designer picl^ his own 
velocities. ' ^ • 

The second procedure is the equal friction 
method. In this case the idea is to establish a con- 
stant bressu^^ loss factor {pressure drop per foot) 
and.use it throughout the system. If the system is 
symmeticaf-^aij runs essentially the same 
length — the method makes the system almost 
self-balancing- The' equal friction method is also 
the most popular procedure. * 

'.To size ^ trunk-duct for instance, the pro- 
cedure is as follows: Consider that 200o'cfm is 
delivered by a^an into a main. First of all, an initial 
velocity must be selected. With the aid o,f, the 
standard friction chart, this establishes the 
design pre^s-u^e drop^per 100 ft; If we choose 1000 ^ 
fpm, the pressure drop is 0.07 in. WG)iOO ft. (see 
Figure 8^2.) • » ' 

Also, the mair^ size at the fan will be approximate- 
ly a 19 inch r^^Und. * 



Now as succe^ing, volumes of air are 
diverted into the br^^ch Jrom the main, i't is only 
necessary to 6Qter at the top of the frictipn chart 
at a loss^)f 0.07 and mQve down vertically uatil the^ 
horizontal line-corresponding to the cfm remaiOr 
ing in the main is'reached to determine the new 
' main size that maintains the.safi^e loss'per foot. 

Thus if 1000 cfni were, diverted out the first 
takeoff— leaving a loOO cfm in the main — the duct 
^^^^e after^tthe takeoff would.be a 15 inch roimcJ.^ 

* (Intersection oj 1000 cfm ap(^ 0.07 in. WG in Figure 
B^2). If after the secor^d takeoff, 56O cfm remained,* 
then moving further down along the same 0.07 in. 
WG loss line, 'the main^affer the second takeotT 
should be reduced to -a 1 1.5 inch round. This pro- 
cedure is 'followled until the maif^sis completely- 
sized. ^ " 

When available fan SpIs known at thfe'cutset, 
say where unitary e'quipment is used, designers 

• sometimes use this figure divided by the length of * 
the langest run on the plans (incli*dlng something 
for equi<?alent length of ^fittings) as a trial pressure 
loss' factor. ; " 
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Fig. B-3. Equal friction duct sizing method Js one of three 
basic design procedures. A constant pressure Ic^ss factor 
per foot of dqct Is established and the ^system is sized to, 
ptovide this conajant loss. Curve at 'eft relates cfnv to 
duct area for equaTTHctlon loss- Once; an initial duct area 
has beerV determined,^ay by assuming an irtitia' supply 
velocity, then wain trtjuk-duct reductions and t)ranch^9 
pah be sized based pn\the percent ^Sf the totaLcfm that Js 
(rarried by each run. If after a branch takeoff, the trunk 
carries only . 46 percent of the ^Cftal air supply (follow 
arrows) then the main should b/e reduced to 54 percent 
of the initial areaw • ' 
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Percent Cfm Determines Percent Duct 'Area 

A variation of this method can be cievelpped 
from fundamental floW equations th'at show that' 
the ratio of duct areas is apprbxiamtel-y equal to ' 
the ratio of air flow rates in each duct area raised 
to the 0.8 power tor equal pressure drop per foot^' 
y of duct. Thus:v " \ 

A/Af = (Q/Qf)0'8 

where Af is the duct area at the fan and Qf is the 
system flow rate. A and Q represent duct areas 
and flow rates at any other point in the system, r 
' " Figure B-3 is a plot of this relationship. Know- 
- ' ing the initial duct area, the duct area for any -part 
of a main or branch can be determined from the 
chart. ^ 

To start the design, it's again neces'sary to . 
assume a duct velocity at the fan. From Figure B-2 
, or the fact that cfm divided by velocity yields area, 
the initial duct area Af can be determined. Let's 
say 4000 cfm is flowing; for a 1400 fpm Initial 
velocity, 4000/1400 or 2.85 square foot of duct-area 
is required. Now 'if 46 percent of the total Siir f Fcj^Ttt 
is diverted at the first branch, then from Figure ^3 ' 
entering the base at 46 percent and following the 
arrows, the branch area must be'54 percent of the 
initial duct ^re^ k)r equal friction'4oss/ft; HeAoe 
the branch. ducrt area must be/0:54 times 2.85 or 
1.48 square fc^ot. Successive branches and mains 
are sized in a sfmilar^ manner based solely on the 
percent of the total air volume carried. ■ 

Once' sized, the actual losses through the 
system should be computed *and compared to 
available fan SP, using the friction chart and 
Available fitting loss data. If the los^ is greater 
t/ian the available, assume a new, larger Initial 
duct area and repeat the procedure. 

Regain Important in Big Systems 

But even the equal friction method has its 
drawbacks. For one thing, having the same 
pressure drop per foot for both long and very short 
runs causes unbalanoe— similarly for the case of ' 
runs of equal length but with one haying niany 
turns and fittings.*One*solution i^ to use different * 
friction loss rates. Branches near the fan, for in- 
stance, where system SP^is still high could b5 siz- 
ed based on a^gher droo per foot than branches 
near the end of the main) - 

Another drawback m the normal use of the 
equal friction method Is that any static pressure *. 
regain is typically Ignored. While this is of little 
consequence In small low' velocity systems 
(ignoring regain merely provides a small safety 
factor) in larger, high pressure systems. Ignoring, 
regain can result in higher <than necessary fans 



sizes -and power requirements. Thus, a third 
; design procedure exists — the static regain 
method. 

Whenever. some air is turned from the main 
into a branch, there is a decrease in the velocity of 
aTrscemalntng Jn the main trunk.^ In theory, were 
■ ^ th6re no friction, the decrease in velocity pressure 
.'would be exactly offset by a rise in static 
pressure, since SP plus VP 6quals TP, and.TP' 
would.be a constant value throughout the system. 
In reality/there /s friction, so regain Is not 100 
■ percent and (he rise in SP may beonly half, three- 
quarters, or ninety percent of the' decrease in VP. 
In a well designed systera, 75 perfcent regain is 
considered likely, thus . , \ ^ 

.SPrise = 0.75 (VPa-VPb)V : - 

where VPg and VP^ are the respective velocity" 

pressures, bpstjj^m and downstream of the 

takeoff junctldn^^ 

Sihce^the size of*the downstream duct af. 

fects the ckiwnstream'-^fja^ VP^— the 

^alue ofXhe statlc^/^ain canfbe increased or> 

decreased\i«4iftfrtfing on the pelectlon'^W^he 

downstream, duct diameter. 

Figure B-4 shows a spmjewhat idealized plot " 

of'SP vs instance along a duct before and after a 
jl^side-mounted register has' disct^arged $ome air 

fro/fi the main. In this illustration the SP regain 

(dashed line) is exactly equal to the SP loss 

through the next duct section. Jhe SP.behind both ' 
Registers A and B is therefore identical. In a long, 
^run of (Suet, where registers or branches of equal 
size and capacity aren^uired it is advantageous 
to system balance If the^ same SP is made 
available at each junction. And in conventional SP 
regain design, the SP gain is in fa6\ made eqiaal to 
the SP loss of the foJIowing duct sectipn. This is 
accomplished by carefully sizing the reduced sec- 
tion that follows. ■ ■ ' * 

As an e.xample, if 4D00 cfm is flowing ahead 
of register A in Figure B-4, from the Standard fric- 
tion chart a 23 inch round duct would be us^ 
upstream Q.f A.. At A, 2000 cfm is discharg^ ^ut 
the register sO that 2000 ^fm continues inTO the 
next duct section. If that.new duct section is sized 
so tftat there's a 1000 fprBtvelocity (say by uSipg a 
19.5 inch round) then the static regain wdlildibe 

2 ^ 1000 J 2 
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= 0.75 



1400 



4Qg5 ^ Unny 



or 



>Prise = P in. WG 



Now if the equivalent length betweeri A and B 
IS 100 feet (actual length plul equivalent length of 
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fittings), then from the'standard friction chart we 
would find that the loss per 100 feet for a 19.5'inch 
round with '2000 cfnn . flowing is 0.07 inch 
► WG— which is greater than the connputed value of 
the static regain of 0.045^ 

Repeatmg^e procedure, oViy this tirne as- 
suming a lower duct velocity *in section A-B, say 
900 fpm, then the static regain would be _ - 



SP 



r^se 



X>7«5 



1400 
4005 



900 
4005 



or 



SP 



rise 



= 0.052 In. WG 



f Of a 900 fpnn velocity, a 26 inch floundxlu 




-required, and again from the friction chart the loss 
per l6o feet is, new 0.05 or approximately equal to 
,the regain. A 20 i h duct Is th^TSfore the desired 
reduction in the main. To speed Op the design and 
avoid the trial and error approach iljustrated here, 
pre-calculated sizing tables are avail'able. 

For large' systems then, a combination of. 
static regain and equal frictfori sizing methods 
might be employed—static regain to size the 
mains and equal friction In the branch runs. 

The intention here has been tO; present the 
furida?mental concepts behind the three common 
(ip^n methods and to acquaint the student with 
he three" general design objectives—size to fit 
space available, xontrol noise by regulatirig air 
velocity, and minimize fan power requirements.. 



'Equivalent Length 100 f1. 
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method equates the value of the regain at A te the loss in 
the following duct section (A Jo B)r v « 
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Air handling systems 



A. good air handing system is the result of a 
careful study of f^^or^Xelating t,o the placement 
of the heating eqi^meri^he supply outlets, and 
the return aif grille. , ' , / . 

• The first step^^n any. design' is obviously to 
study the building plans very carefully and be cer- 
tain that the plans accurately describe the actual 
building—whether it is new or old. The d^sign^r 
should als6 cortifer with the builder or owner, if 
possible, to learn of any special needs or de- 
mands of.the conditioning system. 

Before planning the duct system, the best loca- 
. tions for the equipment atjd the supply outlets mu^t 
be determined. A ce^Ml^al location helps to keep 
variations in delivered air temperature to a mim- 
. mum, and simplifies the air balancing probleni... 

Locating Heating Outlets 

When speaking of the performance chafac- 
^'teristics of supply outlets (Figure C-t), reference 
to the several^effects they t\ave upon Ithe stream 
of air passing through them from the duct into the 
room is made. One such characteristic is caHed 
f/7row.'With a knowledge of throw, selection oi an 
outfet wtiich can deliver the volume df air required 
without causing a high velocity^fgF strfeSm to 
strike a, wall and deflect down into the occupied 
space can 'be accomplished. Conversely, an air 
flow pattern, which will provide* adequate cover-. 
age»for'a space and not leavB stagnant pQckets'or 
stratified layers of air to cause (;Jiscomfor]t can 
thus be made . 



/eve/, and air pressure dyp. With the variety of air 
distributing devices available today ari^ withVa 
working knowledge of their characP??)stics. air * 
can be successfully introduced into a room from 
any point desired. . ; ^ . 
r The choosing of Supply outlet locations for a 
'year-round residential system is not a haphazard 
procedure. Rather, the choice is dictated by sev- 
eral factors w.^ii::l3-must be considered simulta- 
• neously. These might be 'stated as questiaq^s; 

.1. Will the location chosen serve for both hei^ting 
and cooling with rjiinimum adjustment? 

2. WilJ the location' allow mixing of conditioned 
and room air to take place in a way that will not 
disturb room occupants? ' ^ 

3. Will the location result in^unit^gnoa roo^' 
tion« and not short cycling of the air to stfi adja- 
cent return grille?. 

4.1s the location likeiy^tO; prove impractical 
'•/relative to drapesor furniture placement? 

S.^Can the locatiori be seryed by a branch duct of 
Reasonable length as compared with otjier 
branches in the pystem?^ ^ ° 

Performance Guidelines ^ -A 

I' Generally speaking,M^^e-trpward pro|ectionof ^ 
'conditioned air along an 'outside yyall is the best 
distribution-pattern for alf^ear-round system, al- . 



Other charact-eristics include air stream drop 
at the throw disUnce (distance at which air 
stream velocity falls to *50 fpm), spread, sound 
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Fig. C-2. Typical air stream patt^rTi 
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though other location can be used. However, sea- 
sonal adjustments in the direction of -flow from 
such other locations will probably be needed. For 
example, a supply outlet located low on an Inside 

' wall artd discharging horizontally may perfom 
'well on heating b6cau%e o^ the natural tendency 
of the wartjh air rise and mix with room air. Such 

. .-an outlet would be designed for a relatively short 
blow so:that the jet stra^ would not-normally be 
noticed Uy anyone in ^e room. However, this 
same Jocation would not be satisfactory if the 
outlet were discharging cool air, since this air 
would not rise naturally to mix witti room air. A 
^seasonal adjustment of the outlet vanes would 
improve summer performance by establishing an 
upward angular projection that would result in 
rapid n;i^ixing with room air. " ' 

A supply outlet located hjidh on an inside wall 
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and iDlowing horizontally. fo\^d an outside wall 
will . perform very satisfactorfly for cooling proH 
vided the throw is less than the room width. If t£ie 
throw is greater thari'the room*^ width, the air 
stream will splash against the opposite wall and 
deflect downward as an undesirable draft in the 
occupied zone. Cool air blown into the room^ 
above head'J^vel will diffuse gently down into ttie 
rooradue to its greater density as compared with 
the room air. On the other hand, warm air dis- 
..charging from the same location will tend to stay 
' high due to. its lighter-than-room-air density. The 
result will be poor mixing and stratification during 
the. heating cycle and no counter-ae^+on to cold 
wall c|own drafts (as we have with low perimeter 
outlets). The ceiling dlffuser has the same ad- 
vantage for cooling and disadvantage for heatinp 
as has the high sidewall register. Here are some 
good rules of thumb for selecting outlets. 

Floor diffusers, baseboard and low sidewall 
outlets: 

Heatinqonly —select for 4 ft throw at design 
, ^ cfm and pressure limitations; 

Foe cooling —select* for B ft throw as design 
cfm and pressure limitations 

Ceiling outlets: / / 

360'orwide , — select to throw equal ^ to 
spread type distance from outlet to^nearest 

walj at design cfm and pressure 

limitations 

Narrow spread — select fpr throw equal to Va of 
typ^*" ^distance from outlet to nearest 

wall at design cfm and pressure 

limitations. 



Two adjacent — select each so that throw equals 
ceiling^outlets V2 distance between them at- 
design c^m and pressure limita- 
tions, 'i'-. 

.. •' ' . •* 

High sidewall --select for throw equal to of/ 
ojj-tlets . distance 'to nearest wall at 

design cfm and pressure limita- 
tions. If drop excessive, use 
several smaller outlets rather . 
than one large outlet to reduce 
drop. ^ 

Placing Returns 

Perhaps the nlost frequently asked question 
concerning systems design is "Where shquld the 
returns go?" This question seems to persist year 

. after year despite the fact tha't there is nothing 
magical or nriysterious about return air intakes. It 
may well be that the influence of returns in the 
overall room air distribution picture Is con^'der- 

. ably overestimated. - 
Essentially, a return air intake nothing 
more than a relief valve that bleeds off unwanted 
air from^ a conditioned space. And, like all well- 
designed relief valves, except within the im- 
mediate vicinity of the Inlet, the device causes lit- 
tle or no disturbance to the main stream — in our 
case,'air'in the occupied area of a room. 

(Note: The occupied area of a room is con- 
sidered to be the inner core of the space, physical- 
ly extending 6 ft above the floor and to within 1 ft 
of all walls.) 

Acti^lly, for all practical .purposes, it's the 
characteristics, number and placement of the 

supply outlets that determine whether room air 
distribution—that is, temperature uniformity and -, 
air motion — is good or bad. Generally, money 
spent on the supply system does far more good 
^than e^qual dollars spent on the return side. (We. 
assise that both sides of the system are properly^' ' 
sized.) . 
^ . But since a return is a relief valve, it should 
be installed so that the unwanted air is drawn off 
first, say air that is too hot or too cold. In this way, 
returns can ease the burden. on the su.gji.ly outlets, \ 
which must mix conditioned air arjd room air to- 
gether into a homogenous, draftless mixture. 

Now in every room there exists^a region refer- 
red to as the stagnant zorie or stagnant layer. Iri 
this region, the supply aij- discharge ceases to • 
have an influence. or exj6rt agitating action on . 
room air. ^Room air merely stratifies in layers of 
descending. temperature. We have all seen ciga- 
rette ^mgke "hang" in dne spot in a r'pom (at the. 
floor, or ne^M4^^>x^iljLprg). This is visual evidence 




of the existence of a stagnanL^^^ 

The general r|jte for the placement of returns 
is to locate intake g/illes within this sta'gnlfeial 
zone. In this way, the least ho^genous air wilVbe^ 
drawn out of the rpom. During heating, the stag- 
nant zone is near the floor, so returns^^hould be 
plfi^ced /ow for both high-and low supjDly outlet ar- 
rangiBment. During cooling, the stagnant zone is 
near 'the ceiling, arid again, irrespective of the 
supply locations, returns should now be placed ^ > 
high. , ^ 

In the case of a single system that must both 
heat and cool, returns should be located to serve 
the most critical season— the period when the 
most disturbing stagnant zone exists. Thus, with 
perimeter (low) supply, the larger stagnant zone 
occurs during cooling operation, so returns 
should be placed high. With high supply loca- 
tions, the poorer year Vound performance occurs 
during heating, so returns should be placed low to 
bleed off air near the floor. 
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PUM|9 SELECTION 



In general, pumps are usec^hi solar heating to 
produce fluid flow and therefore serve the same 
basic funtion as fans— to transfer or move a fluid 
from^ <^ne point to another. The main difference 
between the two i^ that pumps are intended to 
move a liquid— usuaHy water or antifreeze— fans 
move air. And just as the;e are many kinds of fans 
there^are many pump designs top. Reciprocating 
and centrifugal pumps are the most common but 
there are also gear pumps (used* in oil iSumers), 
turbfne. pumps, and other special purpose de- 
vices. In this review we shall discuss, specifically, 
the centrifugal pump and its application to solar 
assisted heating systems, and provide answers to 
common pumping problems. However, an analy- 
sis such as this requires an understanding of tjie : 
characteristics ql the system and the pump. There- 
fore, a review of these points is in order 

The rotating wheel (impeller) oTlhe centri- 
fugal pump (see Figure D-1) causes water to flow 
from the pump inlet— which is open to the center 
of the wheel— to the pump outlet— which is open 
to the wheel periphery: The flow of water through 
the wheel at a given wheel speed IS' dependent 
upon the restriction to flow imposed on the wheel 
iniet and outlet. Quite logically, the wheel can 
handle the mofet water w+ien no attachments are 
madeueither to trte pump inlet or outlet. As restric- 
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tions to flow are imposed in the water passages, 
flow will diminish. These restrictions— the sum of 
which are called pump (or total) .ftegd— fall into 
,four categories; static head, friction head, pres- 
sure head, and velocity head. Thus we can say: 



wjhere 



hs + 



hf + hp + hv 



= Total head 
hg = static head 
hf = friction head 
hp = pressure head 
hy = velocity head 



\ 



( 



Fig. D-1. 



SYSTEM FLOW RESTRICTIONS 

Static head (hg) occurs when the pump must 
lift v^ter against the force of gravity. To correctly 
estimate tf^ amount of static head, a measu^e- 
^ ment must be made from the level at which water 
stands in the system when the pump is not ruhn- 
ina to the highest point that the water must be 
lifted. Using th6 view ofjhe cooling tower in Fig- 
ure D-2 as an exam^, we would measure Irem 
the water level in the ta>ik (the level at wHich water 
stands in the system when the pump i§ not runn- 
ing) to the spray nozzle above the tpWer-(the 
highest point to which the water nr\ustj/e lifteqh,,. 
which would give us a measurement ^JITy feet. The 
temptation to ignore these levels andlTCi|asure, in- ; 
stead, the height of piping must be resisted. Such 
-a practice would have resulted in an incorreffct mea- 
surement of 24 feet instead of 7 feet in the exam- 
ple cited above. In a drain-down type of solar sys- 
tem (see Lesson 9), the lift would again be the dif- 
ference between the level that the water stands in 
the system and the highest point to wl^jph the water 
must be lifted. In the arrangement in Figure D-3 this 
difference would be 18 feet— from the water level 

storage to the top of the collector. . 
I Friction head {hf) is a measure of the restric- 
tion to flow caused by the friction of water as it 
flows through the system.. Unlike static head, fric- 
tion head is directly related to flow rate and varies 
as the square of the flow ratio— (new flow/old ' 
flow)2 Thus, if the flow is doubled, the friction 
head will be four times as great. The method of 
determining friction head is essentially the same 
as that used in determining pressure losses in/ 
duct systems, i.e., totaling the lengths of pipe^, 
counting the number of fittings, valves, etc. and 
consulting charts in the ASHRAE Guideand other 
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referenceis for pressure loss or equivalent length 
values. In a. closed solar system such as that 
shown in Figure D-4, friction head would be the 
only restriction to flow/ ' . ^-^ 

Pressure head (hp) is a measur&-of the restric- 
tion of flow dueio pressure mamtftKie^d in the pipe 
system. Such a head would be present if it were 
required to^ump water from a lower tank, which 
is open, to a closed tank^ffiaintained at a pYessure 
above atmospheric by the use of compressed air 
Pressure head,. like static, Is independent of flow. 

Velocity head' (hyi 'is analogous to velocity 
pressure in a duct system. HoweVer, the value of ^ 
the velocfty head is usually very small in relatiorj^ 
to the other components comprising the tgtalhead. 
As a result, it §an usually be neglected in iiom- 
puting the total head against w|)ich a pump must 
operate. 



Curves Represent System Characteristics 

Graphical representation of pre$sure-flovv in- 
terrelationship is an important tool in the analysis 
of pumping problems. Flov^, in gallons of water 



Cooling Tower 




per minute, is plotted on the horizontal axis. 
Head, in feet of water,,is plotted on the vertical ax- 
is. (It should be noted here that a column of water 
. 2.31 feet high exerts;a pressure at its base of 1 lb 
per square incl^Thus, while we talk(ab6ut pump 
head as feet of water, we should remember that 
this' is mef^^y a convenient way of expressing 
pressure.) 

\^\n the first curve diagram (Figure D^5) we can 
see how static, friction and pressure heads of a 
system are related to flow. Remembering that 
static pressure heads are independent of flow we 
can determine their val#fe, say 25 feet^ which stpys 
cqn&tant as they remain the safme regardless of 
flovy. In the graph, thisvalue is ihdicated as line X, 
* Friction head. — related to flow^s the square of 
the^flow ratio— appears as cgrve A.- Note that at 
no flow the total system head Consists of the 
static and pressure heads, flow pHOO gpm 
the friction head is 5ay,> 15 feet; making th^'t^al 
^head 40 feet (25 ^S^A\ twice the flow or 200 gpm, 
thejriction head is (200/10*0)^ or four times the 
e atnOO 3pm, thus 60'feet. Total head is 85 feet 
+ eO). If th(B piping system were such that 
were no static or pressure heads^ line X 
worfttWDe coincident with the 0 feet head line and 
the friction curve A would start at 0 instead of at 
the 25 feet head level. If the friction' head at 100 gpm 
were more or leW than the 15 feet assumed rn the 
above example, cbrye A would falLabove or below'' 
its plotted position in the illustration. It w^uld, 
Vjifivertheless, follow the relatioriship that the<fric- 
tion heat varifes as the square of the flow ratio. 
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The curves in Figure D-5 represent system 
characteristics onlvhand have nothiqg to do with 
any pump. All theysshow is how much-»head (or 
pressure) is required to force water through the 
system at various rates of flow. To be expected, 
greater flow rates require greater pressures. 

Combination Curves Aid Analysis 

Jn the set of curv^es in Figure 0-6, 'pump 
characteristics curves A and B are superimpqsed' 
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on system characteristics curves X and Y (such as 
the one shown in the first curve diagram). By do- 
ing this we can readily see the results of changes 

'ri pump speed and/or system charaeteiistics. 

NFrom t'he pump characteristic curves we can see 
that the maximum head a ^ump can develop' is 
reid at the zero flow line, N/turally it would be m- 
adylsable tp operate a p^mp very long with it^ dis-. 
charge valve dosed— churning water would de- 
Velop heat which might eventually damage the 
pump casing. However, in some .instances, .a 
pump is required to fill a high system and the 
pomp head must be kept at near shut^off until the 
system is filled. In sucri cases, pump head at near „ 
shut-off' is of -significance. As the hea'd or restric- ° 
tiorf to flow i^ reduced we can see from pump ^ 
curves A and B that a pump- can handle an in- 
creasing -qciantity, of water. Pump curve A, which 
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falls c^ff sharply, is known as a steep curve conn- 
pared to flat curve B which tends to be nnore hori- 
zontal. The steep curve, which is characteristic of 
a pump having an innpeller with backwardly: inclin- 
^ed vanes, is preferable for air conditioning work. 
By using this type of pump, flow— which is of 
primary concern — is not. affected as much by 
tread variatio^. 
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To Find System Flow Potehtial 

When we^SLiperimpose a pump curve or 
system curve we can determine>iow much water 
will flow through k systefh by obtaining their 

^ points of' intersection. Far example, at the inter- 
section' of system Characteristic curve X and 
pump characteristics curve A. (Point 1) we rea^.a 
flow of F 1 and a pump head of H 1. The» balance 

'point of .a pump and system will always lie on 
both the pump arid system curves since the two 
curves only intergect at one point. 




'Select the Correct Pump 

We can also use Figure D-6 in andHier-way. 
As^me we^have designed a piping systehi for a 
flowV f and have determined the total restriction 
to flow to be H 1. Usin^ the relationships that have / 
been oigcussed, we calculate the head for several / 
other flow rates land establish aiystem curve X. 1 
From a pump cafalog we find two pumps that can 
Wieet the requfrement for flow F^l and head H 1/ ^ 
and then plot through this point, pump curves A 
and B. ^ ' ' 

As is often the^case, suppose vye had incor- 
rectly estimated trte system head at flow F 1. To 
show. what would happen let's assume w^ under- 
estimated and that instead of the head being H 1 
it was^ actually M 2 at F.1 and this higher system 
characteristic curve Y resulted. It can be readily 
^een that neither purnp A nor pump B can^rovide 
-w^er at the Poiiit 2 conditions of flo}}/^ >Head- 
parrnp A ba^lances system Y at flow F 2"Snd pump 6 
balances system Y s^flow F 3. Notice that the 
pbssiWe error in head calculation makes a 
smaller differefjce in flow with trie steeper pump 
-curve A than wjth the flattercurve B— bearing out 
our eaTller statement: Jhis would also be true had 
we overestimated system nead"^ 



In this^diagram, cun/e M represents the char- 
acteristic t)f a single pump. The capacity of^two 
parallel running pumps is represented by the pump ' 
characteristic curve Points on this curve repre- 
sent twice the flow for a given head as -doMhe points 
on curve M. Thus, at a head of 30 feet, pump M can 
handle 150 gpm whereas the two pumps can handle 
300 gpm^ . ' 

; - Cgrve^S/epresen^ts the characteristic curve 
cTf the-^system to wrtqh/the 'pumps are appli^.^ 
Since the system curve/shows a value of 30 feet at * 
*no flow, we know that^his is the sum of tVe static 
and. pressure heads. Curve S intersects curves M 
and N at Points 1 and 2. The value of flow at these 
two' points are 105 and 135 gpm respectively.' . 

Two Other Curves to Consider # 

Thus far we have discussed only onie of the 
characteristic curves of a pump, the curve of flow 
vs. heacfTThere are two others— horsepower and 
efficiency curves. ^ 
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Two Pumps vs One Pump 

" .^^.Figure P-7 showiTjg pump-system bslanc^for 
assumed conditions can provide {^'e answef?tb 
this represehtative^uestion: A certain Riknp will 
.(deliver 105 gpm tnrbugh a piping, system. How 
much water will be delivered If a s^fcond identlc.al 
pump'is' installed to operate' parallel with the ori- 
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Several things should be said about horse- 
power One is that the actual horsepower required 
IS always more th^n th« theoretical amount due to 
frjctional and other unavoidable losses. Brake horse- 
power can only be determined by'an actual test of 
the pump. Another point of interest is the fact that 
pumps are usually designed with a self-limiting 
horseppwer c'urve. As illustrated in Figured D-8, the 
horsepower reqOirement for a given pump at a 
-given speedrris.es to a peak and then falls off as 
flow increases. If|,he motor is selected to handle" 
this peak re'quirement, it cannot be overloaded by 
the increased flow that would rfesult should the. 
actual head be less than estimated when the pump 
was selected. 

The second curve in Figure "^-8 (placed there 
for convenience and having no relationship to the 
horsepower curve.above it) is a typical efficiency 
curve. Note that it» too'rises, then falls Efficiency 
is calculated t)y divviding theoretical horsepower 
by actuallest horsepower v^alues. Thus: ' 

^ He= 4^ 

where - ' 

Hq= HdfsepowQr efficiency 
h^ = theoretical horsepower ^ 
hg = actual test horsepower 

In our graphic examplethe efficiency curve 
J shows that this'partioular pum^ would be satis- ^ 
factory for use from 125 to 250 gprti where its effi-'. 
:ti'ency ranges over 60 percent. Pumps* hliVig an ' 
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efficiency lower than 60 percent in a given flow 
range can be used, but pump efficiency fs a factor 
in operating cost and should be considered when 
. thece is ^ choice otpumps for a specific applica- 
tion, i • 

SOME ADDIT^ONAL FACTS ABOUT PUI\^PS 

Although pumps can be.applied to discharge . 
water at almost any desired head, care must be 
given to limitations which. exist on the suction 
side of the pump when the water source is bei^ow 
the level of the pump. In this type of system, if a 
complete vacuum were drawn in a vertical pipe 
with its lower end in the water supply tank, {he 
water would rise approximately 34 feet dxjeto the 
weight- of air on the .surface of the water in the 
tank. If the pump could produce a perfect vacuum 
and if there were np losses, 34 feet is the maxi- 
mum distance water could be lifted in the suctioriv 
line. 

When norm&l pipe losses and the necessary ^ 
pressures needed to get water Into the pump are 
cooisidered, usual pump applications require that ' 
the s^jfction l(>t be limited to"15 feet. 

When hot water is to be handled, it is neces- 
sary to limit the negative pressure to a value 
above the pressure of vaporization. Otherwise the 
vapor formed will produce erratic pump operation. 

In order for a centrifugal pump to deliver, its ^ 
casing mu^t be full of water. A numberjDf methods 
can 'be used to. assure this. Th^e simplest is to in- * 
• stall the pump beiCw the^b^A(est level of water 
entering the suctron line. Another method is to 
employ a cl^ck valve in thie suction line to prevent 
the initial prime from draining out.when the pump 
is shut down. If neither of these n^ethods isVab- 
tical, it is necessary to provide an available water 
supply or to use a small hand punip. A vacuum 
pump is sometimes used to draws water up into a 
casing for priming. ^ 
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Fig. D*9. 



Pipe Sizing 

The resistance to flow, termed fViction head 
(hf), 'is made up of the resistance in straight 
lehgths of pipes, elbows, tees, couplings, \^rious 
hand valves and control valves, plus the solar panels, 
heat exchangers, and any -other deviae fhrough 
.^-4^jch liquid must be pumpejj. . \ 

/NXoJIecfor mahufacturers, usually provide the 
pressbi:i^lo$s (or resistance to flow) imposed by 
Jhe collector for various flow rates through the 
device (see Figure D-9). In addition, collector 
manufacturers usuaUy specific^flow rate through 
panels (approximately .02 gpm per square /bot). 
Oth.ec componen.t otanufactujers provide similar . 
data. • , ' - , ' 
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The- resistance or pressure drop in straight 
lengths of pipe can be obtained from basic fric- 
tion charts in the ASHRAE Handbook. Pressure 
loss through elbows is listed in terms of the 
"equivalent length" of section of straight pipe; for 
example, a flow velocity of 5 feet per second, a 
four inch elbow imposes the same resistance to 
flow as 11- feet of pipe. In turn, other fittings are 
-related t6 "equivalent elbows" in terrhs of pres- 
sure loss. Again,. for example, an open globe valve 
is equivalent to twelve 4-inch elpows. Thus a fqur- 
inch globe valve impqfees the same resistance as 
12 X 11 or 132 f'eet of pipe. 

To estimate 'the total (and greatest)^ resie-/ 
tance.of a' piping circui't, 'usually (but not always)^ 



the longest run is measured— both horizontal artd 
vertical distances; the number of elbows and 
other .fittings are counted and converted to equi- 
valent feet of pipe, and then the measured- and 
equivalent f^et of pipe are added togett^sr to find 
the "effective" pipe length. Knowing the flow and 
tijSfal effective length, it is possible to find the 
pressure loss for any comfnon pipe size by use of 
the ASHRAE friction charts. As in the ease of 
ductwork, there are a number of simplified pro- 
cedures to ease the work of design. Table D-1'pro- 
vides one exanr^ple. 

Table D-1 assumes a standard number of 
fittings in a circuit, and includes the looses in the 
tabulated d'ata so that the designer merely mea- 
r . " . 



TABLE D-1 
PIPE SIZING-HEAD PRESSURE TABLE 



r 



K 



AVAILABLE 
HEAD 



TOTAk' LENGTH OF CIRCUIT (AS MEASUREO'ON PIPING LAYOUT) 



n. of 

wattr 




b 


c 


d 


• 


f 


9 


h 




1 


k 




m 


n 


■ . ,0 


P 


q 


r 


4' . 

, 6 1- 

'7 


35 
45 
55 
65 


45 
60 

70, 
90 


50 
65 
80 
100 


60 
^70 

90 
110 


65 
80 
000 
120 


70 
90 

110' 

130 


75 

m 
120 

140 


80 1^ 
100 ' 
130 

isp 


90 
120. 
140 
170 


100 
130 
160 
190 


110 
140 ' 
180 
210 


■130 

^ 200 
240 


150 
190 
240 
290 


180 
230 ■ 
290 
340 


220 
290 
350 
420 


290 
360 
■450 
540 


400 
510 
620 
730 


620. 
790 
950 
1120 


8 
9 

10 

\\< 


75 

85 
10b 
110 
J20„ 


100 
110 
130 
140 
J60_ 


110 ^ 
130 " 
140 
1^60 
_{8Q^ 


130 
150 
170 
190 
200 


140 
160 

180 r 

200 

220 


" 150 
170 

^0 

240 


160 
190 
210 
240 
260 


180 
200 
230 
260 
290 


200 
230 
260 
290 
^20 


220 
250 
290 
320 
350,, 


. 250 
290 
320 
360 
400 


• 290 
330 
370 
•^410 
450 


330 
390 
" 430 ■ 
480 
530 


400 
450 
510 
570 
620 


. 490 . 
560 
620 
690 
760 


620 
710 
790 
880 
960 


850 

950 " 
1060 
1170 




14. 
16 
18 
20 


150 
170 
190 

,220 


^190 " 
220 
250 
290 ■ 


2101 
230l 
290] 
320] 


250 
290 
330 
370 


260 
310 


^90 
330 
380 
430 


310 

360., 

420 

470 


340 

:§ 

510 


380 
440 
500 


4^0 
490 
560 
620 


•470 
550 
620 
'700'' 


• 540 
620 
'710 


620 ' 

720 

830 


730 . 
850 
950 
1060 


900 
1020 
1150 


1120 






PIPE 
SIZE 














% 

GALLON PEP MiNUTt CAgAClTIES 












. 


0.9 
2.3 
5.0 


0.8 
2.0 
'4.3 


0.7|, 

1.9 

4.1; 


0.7 
1.8 
3.8 


0.6 
I.7.V 


0.6^ 
• 1.7 
"3.6 


0.6 
1.6 
3.4 


0.6 . 

1.5 

3.2 


0.5 
1.5 
3.1 


. 0.5 
1.4 
..2.9f 


0,f 
1.3 
2.8 


0.5 
1.2 
2.6 


: 0.4 
1.2 
.2.4 


0.4 ■ 
2.2 


0.3 
0.9. 
2,0 


0.3 
U8 

i.8 


0.3' ' 
•• 07 
1.6 


0.2' 
0.6 

' 1:3 


si « . 

VU" 

1V2" 




8.3 
ll 
27 


/7.7I 
17 ' 
25 


7.3 
16 


7.0 
15.5 
23 


-6.8 

15 

22 


6.5 
.1-4.5 ' 
21 


6r3 

U.o 
20 


5.9 
13.0 
19 


5.7 . 
M2^0 
18 


5.5 
14.5 

• 

17 


5.0^ 
'11.0 


^4:6 

9.7 
15 


' 4.3 ^ 
9.0 ' 


3.8 , 
8.3 
12 


3.4 
7.3.' 
' 11 


2.9 
6.3 

9.^r 


2.3 
4.8 
7.5 


. 2V2" 












1 


42 


40 


.39 


36 
57 


34 
54 


-32^ 
52 


29, 
47^ 




27 ' 

.44 

* 


24 
^8 ■ 


21 

32 . 


18 
29 


14 

. 24 



%"^Copper Tubing only. ' ' . V " ' 

NOTE; Do.n^go beyond the maximum'/or beloyv th^ mihimu m figures .shown' in the table. 



^OW TO USe this table FOR final PIPE SIZfe SELECTION 



0 Single. Pump * ' , . 

Enter the upper portion of the Table at th^ head pressure of 
the pump selected. 'Read across to the Jag<ire closest to the 
total length of circui't. Read down to th ejfo we r portion of the 

■ Table to the gph\ /i^.ure elfual to or greater than the gpm 
required for ^he circui-t. Read to the left-hand, coJjuVnnr to 
determine lRe pipe size required. Repeat for each circuit. 
Staying in the same column established by the circuit with 
the longest)/^al lengttu^j^repeat the last step for the gpm 
requiremerfig of Tfie trunk and distrlbutiorr piping. 

/ ■ ; ■ ■ . 



(b) Multiple Pumps 



Enter the upper portion of the "Jjfable at the he^d pressure of 
the pump selected. "ReBd across 1o the figjjre closest to the 
total length of the longest circuit served b^ the pump. Read 
down to the lower pabfbn of the^T^le to f^e'^fipm fj^^ure 
'equal to or greater than the gp?n require^l tor tP>e. circuit. ■ 
Read to the left-hand ^column . determine t^e pipe size - 
.required. For^a two-pipe circuit, bize ajl piping .in' the' circuit 
'from the same column in the Table established' above. j 
Size the trunk and apy distribution piping using the tot^l 
gpm.of tbe system, the lowest head pressure of the pumps 
selected", and 'the longest total length of circuit. * • * 



^ sure the length of "pipe— say fromlthe pump td the 
collectors and !back;^ then knowing the available 
punnp head .and gpm flow rate, a proper pipe size 
is determined. For example, assuming a pump has* 
a 12 foot head, enter the taWeal the row showing 
12 foot headjif the measured length of the circyit 
^ was 180 feet, move right and stop at the number, 
- , then move dowCi until the flow rate, tet's say 7- 
i gp'm, in the circuit^ is reached (or exceeded). 
, Follow the line tp the left and note that a 1 inch 
pipe size is required. (Broken lines and arrows 
, . trace the pattern.) . ... 
. Again, as vyith any simfjfified sizing.charts or 
tables, be certain you understand the assump- 
tlons used to developth^ procedurje-ajid the limits 
^^-n>( its'applicdfion tp your piping arrangenienta. 

For a'dcjitidnal pipe sTzing information, Conf . 
tact: Hydronics'lnstitute, 35 RusfeovPJace,^erkeley 
Heighjs,' New Jersey 07922. 
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AppendlKE 

:x ^ SOLCOST 

f V Solar Servide Hot ^ater Form 



• Refer to the SOL^ST Sola^^i^ 

If you do not have the necessary experience ii^heaHng, plumbing; and/or hot water systems, 
consult your contractor, engineer, solar systems manufacturer, supplier, or uHlity company for 
^assistaQcein.con\pletin^ this form. ^ 

• The completed form should be mailed tp : 
Solar Environmental Engineering^to., Inc.. 4 
SOLCOST Servici? Center . . . C^-^ 
P.O.Boxl914 - _ - ' I V> 
Fort Collins, Colorado 80522 (363) 221-4370 ^ ^r^ 

^ Service charges ahd SOJ-COST sales information m^ be obtained from the ^ ^ ' 

, SOLCOST Service Center listed above. 

• Items on this form m3.k^d ^liave values that will aHtomatieally be used if the user Joe^ not 47iake ah elitry 
Refer to DefiaultTablv on back page of form for default vaiues. J ' 

: " " - " ' • , •• ?mp.orl»ni - Refer mUand^ypoWor Guidance *• ' , ' 




N""' ' ^ ^ ^— ^ Phone Number. 

Address « , * 



Conlracior/Esiimaior/D/signer Name_ 



Phone Number. 



A, StoLCOSJ Analysis Description 

1. This SOLCOST analysis is for a _^ owner occupied residential budding ' *^ w * ^| 

■ / - ' business related. rcDial builcling, or commercial building , ' ^ *^ . * 

^^non-profil organization owner (i.e,. pi^blic buildirtgs. schools. -^tcO > ' 

2. SOICOST delermi^^^^ optimurrr solar collector area which maximizes the rate of return (br present worth) of the solar inveltm^ ' ' 
. L^you want SOLCOST to optimize your collectoriize? t__yes ino . . ' ' ^ i \ <' 

3. Hjhe previous answer is no. you must enter collector area in square feet ' - / . ^ ^ <f 

4. SPLCOST also determines the optimum siz^ for heat exchangers, pumps d^blowers/'andpipts or dueling ' 

'—. ■ ■ ' ■ ' -J ' ^'i -' ^ 



1^ . / ■' ■ ■ — — ' ' 

B. Solar and Conventional System Description ( - 

J 1- BuildingJocatipn ' > * . I* \^ ; • ' ' ^ 

• , . , city, state^ /' . . \ ■ ' >^ • ■ ^ - > ^ ^ 

I. ?ui!din^>ype ,,=^_: _^ one or two-fam|ly residential ^ ^^-^-^^^ * ■ ' ^ * 

— — multi-family resider\tial~ ^— --L-^.J^^"^"^ * , ^ - - f^. 

commercial ' • . * - J* 



3. Application, retrofif , ' . . - ' . ^ . t> 

new constructior> ^ 



4 V Energy source for a conventional service hot water system which would be installed ' 
^ if solar »5/ere hot feasible: ' . J 



-naturalgas _ , ^ _ fuel oir ' * prQD^ne ■ ' ' 1* 

-electricity co^l ' * » ' * ' ^ 



.5. lAuxiliary fuel .for service fiot water system (^uel type to be used JWadditioh to solar* 
• • ) ^ 

..^ — natural gas \ fuel oil / Py>pa 

—^'electricity, __.(;oal 



—^'electricity, — _.(;oal ' ^ ^ \ y • ' • * ' ^ ^^"'^ 

y : If more than Che fuel type is to be considered. enten^^( 2) f^i^lterhafe f%^ ompJete SOLCO^'ana^lj^i. wilf'tje ma^ Jor.ea^ch fuel 

■ ^ ' ~ ' V ' ^^—"^ 7: — : — 9 ■ ^ , ' ^ — -. — 

\ ' , * " Jrnportant— Refer to HiAdbbokjfor Guidance *• ' 



ERIC 



Tilr Angles ^ 



'ctor 



, . ^ • * linporlafnl^-*Refer lo Handbook for Guidance • 

C. Sohir Co"«clor Subsystem Description 

.1. CoIIeclorP''^enuUo]jS ] ' . ' ^ 

a) AzimulKA"8lc*: — degrees \ ■ ■ ' ' 
(0 is Soulh East * ( + ) degrees, Wesl - (-) degrees) ■ - • 
The azimuth angle represents the direction the solar collector Uces, usually 

- • due South. ^' . ** ' ' 

b) Tilt Angle ..degrees , , * i ** * ' 

(Ois||h»rizor»^al, ^0 is vertical) ♦ { • / \ ^ 

"a"'' .3^^.— liquid ' . ' ' ' 

3. Coll/clor^^cicncy ' v ■ - , . ^ - " r \ 

This^eclioH niust be c,orripleted with'data obtained from the solar systems maTiufacturer' supplier, or contractor unQler<onsideration . 
Fill in on? c'fVHie following : , ' ' ' ^ ' • ' / * 

^ • FRPRiP^B-UL product* BTU/Hr-Ft^-^F and FRPRIME Tau-'Alpha product . 

or» Effici/"<^yat(Tj^ -T^'^l,)/! 3=0 0, (efficiency) and 



• 2. Co 





Efficiency atfr in"? T a^b = 
Of • Manufacturer _ 
. . Address. 



^ (elFfieiency) 



Model Num>er 



4. Expected of solar collector 



. years^^ 



Di. Solar. aii<^ Conventional SysBem Configuration 

• In the Handb<^°^ are three system configurations that are commonly used in residential and comn^erc'ial solar hot w^^^er applications 
■SQl rn<;T ..^es thp se^sv^ f ^ pi s a mftder AKph calrnlatinfi; optimum sizps and costs . ^ " »y ;/* . •' 

^ for one flfi^'^^iJO /fl^»7y resitieriNfl/ applications, calcujations win. b * / / . 

^ ■ Fornjulti'f^^ily ond commercial applications, SOtCOST.will automatically.select configuration B or C, dc^nding on optima^ 
. performan^^^ and Qosi. ^ T ' - ' 

The followiiig ^^formation is K^'qiiiri^ci regardless of/applicati^^ * * ^ ' 

* 1- Sojar stor^8« tank ' ' > . ^ 
IV^al is th^^ize of the solar storage itan4c. if known j (gallons)^ . " / \ 

^O'^solar'sipfage upk size is^ot-knoWn. SOLCQSJ will provide a reasonable size estimate. ) 



jjlf solar-slpf^Se lapk size is^ 

2. Solar hot *^?^er piping (ducting) description 

Length of p'P^ (or ducting)'required between collector and solar storage tank 
• 3; Solar hot water^eeze (rrotection (liquid^ collectors only j- ched one) 
* ' '^ain-down None _^ 



(feet; total length of supp'v. andre'lurn 



Anti-fueeze - 



{Tropical climate only^ « 



E. Hot Water Loads^ 

' 1. l^e^cntial' Application ~ 
* in cTneof f'^PiolIo'wing: • / 

• 9TUs pe^'^^ay required tQr Hot water 

or • gallons l^ol water used per day 

Number <^cu pa olt^TlL^^ " ' . * 

Hot-vvatef s^t le'TiP^Fature (°F) j 

' or * Estimate^^ C^onsumpijon - usipg fuel bilts foi*sumnner water hating ■ V . j 



(gallonsAday) 

.. r 



2. Cortunercial Application< * ' 

» f * • i 

fill in one bf the fo^Winjg : ^ . ^ * V 

• . BTUs fjei- day Inquired for hot Water rf^^^ , 

/(Inclucjp losses for cjr^culation loop, if applicableli 
or •^Monthly fuel bill f of hot water pn/y ^Or theipast 12 month's ^ 

$ • > . $ $. — /' 



Hot Vvatef delivery temperature (if^-known) . 



>' Quantity °f fuel co/^sumed^ 



■ Fuel type. 



^— ^ -^^^ ■ ::=^rrr — ^' — 

(kwh, gallons. Kyns. lOGW^u.ft.""«tc^* ; 



^lal fuel bill,for peYio^ of.consumptio/i $_ 
Nurnber days in consumption period J_ 
(period W^^n furnace was turned off) \ 
Noi't: applicable ^or electric-water heaters • 
* unless on separa^e,meter, ^ 



f uel price-per unii.(aclual) 5- 
or*» dallons of hot<wa<er used per day , 

Hot w^teF'heVt^rsej temperature. 

-Water main temp^ratuV . 



-(gallonrday) 



->F) 



If circu^ajion joop i< involvect estinnaie losses 
■m6TkJs>erday.,^^^____,_^ . 



R- Reference St en;i Cost > » 

i. Reference (^onventjonal) systern^ initial ins tailed' cost ••S^ 
t"' Reference (^^nventionil) system annual rnairitenance cost $ 



deference ^'-""venTionii I } system annual mamiena nee cost - — (average annual maintenance costs) * ♦ . 

Antiual /^'"^'^tenance may be expressed as pef^^ent of initial in^alled^^ost * ^ %.(Do noiu^e ftSrrie.trOfit «;itUations) 

_____ ^ ^ 



' ' Irnportant er Refer to Handbook for Guidance 



Imporiani — Refer lo Handbook for Guidance*^ 



Solar Systen\Cost 

1. Solar Com^^entCosrinformaHon 

a) Collector cos I /squaj-e fool - * 

b) Solar storage lank cosl /gallon 

c) Controll .« . 

d) Other 

* r JnstallaHon Coils of Solar System * , ' 

a) . Design /engineering costs 

b) Modifications to building and e)<isting system 
• labor costs 

* ch Installation labor costs 

d) Mls^^ .materials cost (paint; wallboard, shingles, etc.) 
/ . T^lal Inltallation 

• ' - "'V'"* • ' • ' ■ ■ ^ * 

ttar . System Maintenance Cost * 

jj^m^ aiyerCige annual maintenance cost over life of system)* 
^ maintenance may be entered as percent of solar system ct)st * 



$1 
$_ 
$_ 



./sg.ft; 
-/gallon 




\ 



H. • Financf and fjb( Data 

1. Residerttiai 

a) Lfjin interest rate T 
, b) .Loan term 

c) Loan down payment * 

d) Property |nsura*nce fate • 
- e) Proper tyt aerate 

f) Pejrsonalin<i0me tax/ate 



years 



2. Commercial 

a) . Loan interest rate • 

b) Loan tt^nnf * v 

c) Loan down payment • 

d) .Property insurance rate ' 

e) ;P^6per^y-lax rate- 

f) Corporate tax rate or ' 
- ovMner income lax rale 



- years 



If business application (c^^mercfaUr residential rental for example) check ^md HII 6ut the following 

aWepfeciation method (Options are straigKl line or declinihg.bal^nce) ^ , ^ 

b) 'Tylultiplier used in declining balance depreciatiph. • ' ''^ ' * 

^ .■ .Ijimitedto l Sfor^ommeK^^^ » ^ . ■ > . 

f^^lS.y^^f'^useful life fpr.depreciation purposes* - . > ' . 

•T^iir/inllynOyears is illowe.d for building healmg/air cqrfdiiiohi^ig^d service hot ' ' - ' 
« . - water systems, excepts toy j^ge tanks, which are allowed 2Zyears) ' ' ' e s 

d)^Satvage value of the solar system at tfie end of i4s useful-life"^ ^^^oMotal 



cost 



U Fuel and EJectricity Cost and Price Escalation Data 

Enter current costlorfiiel: iAclutJing Jo^^al sale^tax awd fuel costadjuslment f'a^iors. 



1. Natural Cas Cost Schedule 
• BTU content per cu^ljc^oot 



Fuel CosY($/cubic i\.)*Qua^tity (np.. of i^nits^^^ 




S t ep, 5 _ 



for first . 
fot next . 
for 'next , 
for next._ 
for next j 



3. Fuel Oil Cost Schedule ' . 

Fuel oil grade * . ^ 

Fuel Cos?($/^Jon) Quant]t\/ (no. of tjniis) 

JStep l.. ' for first > 

»Step2 for next . ' 

Step 3 _ for next _ 

, 'Step''4 for next _ 



Step fi 



for ne^: 

- I, 



k ■ "5. "'a -^^ . 

2. Electricity Coy Schedule ^ ^ 

, •fiiW Cost ($/kwh) Qud'nttty {po. of units) 
' ; Stepl^_a^ ; ^ for fits! / 
Stcp^ *; fornei 




for ncit 

\ for oSt 
^^^^^fornext 
, . foV^icit 
'for next 




4. Propane Cost'Schedule * ' 

)Fuel Cost ($/gallon) ^Quantiti/\no of units) 

Sfepl^ — . M<lr first 

,Sl ep 2 /■ f dr nex t _±, 

Step 3 :. • ' 1, fdr'next 



V S^ep4. 
: Steps. 





fCoal Cost Sched\ile 
ifui^teni per ton ' 



Important — Refer to Handbpok for Guidar^e 



Uji|Mitent per I 
f«V($/ton) 



ue 
-Step 
Step 2 



Quanttt}/ (no'-of urtits) 

for first 

for next * 
for next < 




6, For the fu«lW priced in i through 5 abovfe, you may estimate the annual price escalation over theltfe of the solar system (collector life), 
t>efault values are shown in the Default Table. , 

a) Estimated average annual escalation rate^*„ % for conventional (reference fuel) 

. b) Eslffciated average annual es<falation,rate • % for auxiliary fuel 



-3 



Default V^Lues 

Whenever data in ihis lorm is aMcriskcd (•), it mean^ users either accepi ihe already in S0LC05T, 
value of their choosing l.isblMkow by section are t^e 50LC0ST Drfauli Values 

SecliohC - Solir Collection Subfy»tem Description 
1 a) Azimuth Angle 0 

b) Tilt Angle l atitude • " , 

4 Expected Ijfe for solar loilectpr 20 "^nr^ 

Section F ~ Reference Sy»tem Co»t ^ ' 

1 Initial Installed Cost $0.00 (jssumes retrohl with cost alreacTy absorbed) 

2. Maintenance Cost Ql ( r% of the initial instdlled cost per year) 

- - \ 
Section G — Solar Sy»tem Co»l , » * 

3 Mairi'teftancf Cost 0 U 1 initial instjlled cost per year I 

. ■■ *, • ■ .. *^ . , - ■ ' 

Section H - Finance and Tax Data > 



e . the Default Value, by not entering any information or enter an^m\er 



T^n^j^ei 



, 4: 



1.^ Residential 

a) Loan iri^eresf rale 

Loan term 
c) Loan do vvp payment 
dt Property i/Tsuran^ rate 

i2 Commercial ^ 
a' Lo An interest rate 

_ . bi Lt'^an te^m >« 

t Loan dofi'n payment 
Ji Property, insurance rate 



New Construction 

20 yea^-sw- 
-r 10 (10^ oj total loan- 

005 L5dlMk;""yf*'i 



Nev Conf 

09 (^%» 
^0 years ^, » ■ 

l6 1 lO'S? ol'total loanr • 
005 i 5% per yearJ 




RelroHt 

11(11%) 
7 years ,. 

uf^toial loan) 
005 ( 5% per yearJr 
RelroHt 

',7years' 

20(20% ol total loan) 
■ 005'( 5% peryrar) 



3» Bu»ine»»only ' 

b) Multiplier used in declining balance , 1 25 | ' ■iBT*' 

c) . System ufetui lifelor depreciation purposes ibyears ' " ■ 
^d) Salvage value ofovystem at end ot useful life 10 (10% -ot U>tal cost) • 

Section 1 - Fuel and Qectriciiy Co»l *nd Price Efcalaiion Data; . 

1 Na*turalCa»^ ^HeifContent per Unit 100,000 BTDs. 100 cubic feel 

3. .FUelQil Heal Content per Unit , 

5. Coal Heal Cor\,t'ent per Unit 
. 6: AvMMRe Annual ^»calation Rale 

the'following estimated rscaTation r,ite$.4rhrougKth« year 2000. ar^ 

Ma'tural gas ■ ^ , ' 8% 

Electricity , I 

Fuel oil , ' V :^% 

^ Propane 8% 
' Coal . - . . ** 6% 



, T39.fr00BTU4'gallonrno 2 fuel oil,) 
"^'aOx 10*, BTl|i!l1ort.'| 1^ . \, 

research data. 




ledfn 



• * Importailt — Ref^r to HaTndbook'fof guidance '* 



'. « » 
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